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C o n c e n t r a t i o n  o f  Heavy Metals  in  th e  Sediments  o f  a H y d r o e l e c t r i c  
Impoundment (66 p p . )
D i r e c t o r :  George F, Weise
M il l town Dam, l o c a t e d  n e a r  Bonner, Montana, has  a c t e d  as a 
s e t t l i n g  b a s i n  f o r  69 y e a r s  f o r  w a s te s  in  th e  Clark Fork R iv e r  
o r i g i n a t i n g  from th e  B ut te  mines and Anaconda Copper Mining 
Company s m e l t e r  95 m i le s  u ps t ream .  In t h e  p a s t  Montana Power 
Company has lowered  th e  w a te r  l e v e l  in  Mil l town r e s e r v o i r  t o  do 
r e p a i r s .  This  has  been a s s o c i a t e d  w i th  marked i n c r e a s e s  in  heavy 
m eta l  c o n c e n t r a t i o n  in  t h e  downstream w a te r .  This  s tu d y  u n d e r ­
to o k  t h e  d e t e r m i n a t i o n  o f  t h e  amounts o f  heavy m e ta ls  accumulated  
i n  th e  sed im en ts  o f  Mil l town r e s e r v o i r .  The impoundment a l s o  
b acks  w a te r  i n t o  t h e  B la c k fo o t  R iv e r  which p r e s e n t l y  d r a i n s  a 
r e l a t i v e l y  p r i s t i n e  a r e a .  Sediments in  t h e  B lac k fo o t  R iver  
p o r t i o n  o f  t h e  r e s e r v o i r  were used  f o r  comparison w i th  the  
C lark  Fork R iv e r  s e d im e n ts .
Sediment c o re s  from t h e  C lark  Fork and B lac k fo o t  impoundments 
were a n a ly ze d  i n  5-10 cm i n t e r v a l s  f o r  c o n c e n t r a t i o n s  o f  i r o n  
( F e ) , z in c  ( Z n ) , copper  (C u ) , and manganese (Mn) t o  de te rm ine  
t h e  e x t e n t  and p a t t e r n  o f  heavy m eta l  c o n c e n t r a t i o n .  To d e t e r ­
mine e f f e c t s  t h e  m e ta l s  may have on b e n t h i c  f a u n a ,  dredge 
samples were examined f o r  s p e c i e s  and number o f  m a c r o in v e r t e ­
b r a t e s  .
Sediment c o re s  from t h e  Clark  Fork R iv e r  had h ig h  l e v e l s  o f  
Cu, Zn, and Nfri compared t o  sed im en ts  r e p o r t e d  in  o t h e r  s t u d i e s  
and t o  a co re  t a k e n  from th e  B lack foo t  R iv e r .  Peaks o f  h igh  
Cu, Zn, Mn, and Fe c o n c e n t r a t i o n s  were found a t  t h e  same dep th  
w i t h i n  most o f  th e  Clark  Fork c o r e s .  Cu c o n c e n t r a t i o n  ranged  i n  
t h e s e  co re s  from 50-7 ,900  micrograms p e r  gram (ug/g)* Zn ranged  
from 300-7 ,900  pig/g. Mn rang ed  from 350-2 ,900 ug/g- Fe ranged  
from 10 ,50 0 -4 3 ,3 0 0  ug /g .  The peaks o f  metal  c o n c e n t r a t i o n  were 
conc luded  t o  be caused  by changes in  o p e r a t i o n s ,  s m e l t e r  s h u t ­
downs, and s p i l l s  from s e t t l i n g  ponds n e a r  Anaconda.
M a c r o i n v e r t e b r a t e s  i n  sed im ent  samples were p red o m in a te ly  
o l i g o c h a e t e s  and one s p e c i e s  o f  d i p t e r a n  (Chironomus (Chironomus) 
s p . ) .  There  was no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between 
th e  numbers and k in d s  o f  m a c r o i n v e r t e b r a t e s  a t  th e  mouth o f  t h e  
B la c k fo o t  R ive r  and t h e  C lark  Fork impoundment. The s p a r s i t y  o f  
s p e c i e s  i n  t h e  sed im ent  samples was a t t r i b u t e d  t o  decomposing 
o r g a n i c  m a t t e r  in  th e  s e d im e n t s ,  and n o t  n e c e s s a r i l y  t o  h igh  
l e v e l s  o f  heavy m e t a l s .  O l ig o c h a e t e s  and ch ironomid l a r v a e  
t h r i v e  a t  t h e  low oxygen l e v e l s  in  a mucky s u b s t r a t e .
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C hapte r  I 
INTRODUCTION
E f f l u e n t s  from m in e s , m eta l  p r o c e s s i n g ,  f o s s i l  f u e l  o p e r a t i o n s ,  
chem ica l  m a n u f a c tu r in g ,  and many o t h e r  i n d u s t r i e s  c o n ta in  v a r i o u s  
heavy m e ta l s  o r  s a l t s  o f  heavy m e t a l s .  F r e q u e n t ly  t h e s e  m e ta l s  i n  one 
o f  t h e i r  c a t i o n i c  o x i d a t i o n  s t a t e s  a re  r e l e a s e d  i n t o  t h e  a q u a t i c  
env ironm ent  forming h y d r o x i d e s ,  c a r b o n a t e s ,  s u l p h a t e s ,  o r  a r e  adsorbed  
t o  c l a y - m i n e r a l s  o r  c h e l a t e d  w i th  o r g a n i c  m a t t e r .  For co n v en ience ,  
t h e  e x i s t e n c e  o f  heavy m e ta l s  i n  t h e s e  v a r io u s  com bina t ions  h e r e a f t e r  
w i l l  be r e f e r r e d  t o  s im ply  as heavy m e t a l s .  Because heavy m e ta l s  have 
t o x i c  p r o p e r t i e s  and o t h e r  a d v erse  e f f e c t s  on w a te r  q u a l i t y ,  t h e  
e v e n t u a l  f a t e  and d i s t r i b u t i o n  o f  t h e s e  e lem en ts  in  th e  a q u a t i c  
ecosys tem  i s  c u r r e n t l y  r e c e i v i n g  c o n s i d e r a b l e  a t t e n t i o n .  I t  i s  
p r o b a b le  t h a t  many o f  t h e s e  m e ta l s  e v e n t u a l l y  accum ula te  i n  bo t tom  
sed im en ts  ( I s k a n d a r  and Keeney, 1974) .
Bottom sed im en ts  a re  t h e  r e s u l t  o f  t h e  s e t t l i n g  o f  suspended  
m a t e r i a l  from th e  o v e r l y i n g  w a t e r .  A r t i f i c i a l  impoundments by 
r e d u c in g  s t r e a m  v e l o c i t y  a c t  as c a t c h  b a s i n s  f o r  s i l t s .  I f  t h e r e  i s  
an u p s t re am  p o l l u t i n g  s o u r c e ,  an impoundment can accumulate  h igh  
c o n c e n t r a t i o n s  o f  heavy m e ta l s  a long  w i th  t h e  s i l t .  This i s  a 
p o t e n t i a l  d an g er  f o r  t h e  w a t e r  q u a l i t y  downstream, because  d u r in g  
h ig h  w a t e r  o r  p u r p o s e f u l  f l u s h i n g  o f  t h e  impoundment t h e  t o x i c  m e ta ls  
can be r e l e a s e d  i n t o  downstream w a te r s  i n  h ig h  c o n c e n t r a t i o n s .
The impoundment formed by t h e  Montana Power Dam a t  Bonner 
( M i l l to w n ) ,  Montana, i s  an example o f  a dangerous  c a t c h  b a s i n .  The
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impoundment backs  w a te r  i n t o  b o th  t h e  C la rk  Fork and t h e  B lac k fo o t  
R i v e r s .  The w a te r  in  t h e  Clark  Fork R iv e r  o r i g i n a t e s  i n  t h e  B u t t e -  
Anaconda a r e a  and r e c e i v e s  w as tes  c o n t a i n i n g  heavy m e ta l s  from t h e  
B u t te  mines and Anaconda s m e l t e r .  The p u rpo se  o f  t h i s  s tu d y  was t o  
d e te rm in e  w he th e r  th e  Mil l town r e s e r v o i r ,  some 95 m i le s  downstream, 
has  been  r e c e i v i n g  and c o n c e n t r a t i n g  heavy m e ta l s  from t h e s e  w a s t e s .
The se d im en ts  in  t h e  B la c k fo o t  R iv e r  p o r t i o n  o f  Mil l town Dam were 
used  as a co m para t ive  b a s e  f o r  t h e  C lark  Fork R iv e r  s e d im e n ts .
P r e s e n t l y  t h e r e  a re  no i n d u s t r i e s  on t h e  B lac k fo o t  R ive r .  T h e r e f o r e ,  
t h e  w a te r s  r e c e i v e d  from t h e  B lac k fo o t  R ive r  a re  p r i s t i n e  compared to  
th o se  r e c e i v e d  from t h e  C lark  Fork R iv e r  (Weisel  and N ew ell ,  1970).
Sediment c o re s  were t a k e n  in  b o th  t h e  C lark  Fork and B la c k fo o t  
p o r t i o n s  o f  Mil l town r e s e r v o i r .  The c o re s  were a n a ly zed  f o r  
c o n c e n t r a t i o n s  o f  z in c  (Zn) ,  copper  (C u ) , manganese (Mn), and i r o n  
(Fe) t o  d e te rm in e  th e  e x t e n t  and p a t t e r n  o f  t h e i r  c o n c e n t r a t i o n  i n  t h e  
s e d im e n ts .  To d e te rm in e  e f f e c t s  t h e  m e ta l s  may have on b e n t h i c  f a u n a ,  
a d d i t i o n a l  sediment  samples were examined f o r  s p e c i e s  and number o f  
m a c r o i n v e r t e b r a t e s .
Review o f  t h e  L i t e r a t u r e
The chemical  c h a r a c t e r i s t i c s  o f  sed im en ts  have been s t u d i e d  f o r  a 
v a r i e t y  o f  r e a s o n s .  F i r s t ,  s i n c e  b o t to m  d e p o s i t s  a re  th e  r e s u l t  o f  t h e  
s e t t l i n g  o f  suspended  m a t e r i a l  from t h e  o v e r l y i n g  w a t e r ,  c o re s  t a k e n  o f  
se d im en ts  have s u p p l i e d  i n v e s t i g a t o r s  w i th  i n f o r m a t i o n  c o n ce rn in g  th e  
p a s t  h i s t o r y  o f  th e  w a te r  q u a l i t y  i n  t h e  a r e a  b e in g  s t u d i e d  (M ackere th ,  
1966; B o r t l e s o n ,  1971).  Second,  b o t tom  se d im e n ts  can have a
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s i g n i f i c a n t  e f f e c t  on o v e r l y i n g  w a te r  q u a l i t y .  N u t r i e n t s  and 
p r e v i o u s l y  d e p o s i t e d  co n tam in an ts  can be r e l e a s e d  d u r in g  f l u s h - o u t  o r  
t u r n - o v e r  and decomposing o r g a n i c  m a t e r i a l s  can e x e r t  an oxygen demand 
and c o n t r i b u t e  hydrogen s u l f i d e  and methane to  t h e  w a te r  ( B a l l i n g e r  
and McKee, 1971) .  A t h i r d  r e a so n  f o r  s t u d y i n g  sed im en ts  i s  t h a t  t h e  
p h y s i c a l  and chemical  n a t u r e  o f  bo t to m  s u b s t r a t e s  d e te rm in e s  t h e  ty p e  
o f  o rgan isms in  t h e  b e n th o s  (Welch, 1952) .
The m a j o r i t y  o f  s t u d i e s  on th e  chemical  c h a r a c t e r i s t i c s  o f  
sed im en ts  have been  r e s t r i c t e d  t o  d e te r m in in g  n u t r i e n t  c o n c e n t r a t i o n s .  
Only r e l a t i v e l y  r e c e n t l y  have s t u d i e s  been concerned  w i th  t h e  
accum u la t io n  o f  heavy m e ta l s  in  bo t tom  se d im e n ts .
In a l im n o l o g ic a l  s tu d y  o f  Y e l l o w t a i l  R e s e rv o i r  i n  s o u t h e a s t e r n  
Montana,  i t  was found t h a t  th e  r e s e r v o i r  r e t a i n e d  97 p e r  c e n t  o f  th e  
i r o n  ( F e ) , which f lowed i n t o  t h e  r e s e r v o i r  from th e  Bighorn and
Shoshone R i v e r s ,  86 p e r  c e n t  o f  t h e  manganese (Mn), 40 p e r  c en t  o f  th e
c o p p er  (C u ) , and 71 p e r  c en t  o f  th e  z i n c  ( Z n ) . The m ajor  f r a c t i o n
o f  t h e  t r a c e  m e ta l s  was r e t a i n e d  in  t h e  r e s e r v o i r ' s  sed im en ts  (Wright
and S o l t e r o ,  1973).
The l e v e l  o f  heavy m e ta l s  i n  sed im en ts  o f  t h e  Ottawa and Rideau 
R ivers  i n  Canada was d e te rm in e d  t o  a id  t h e  i d e n t i f i c a t i o n  o f  s o u rc e s  o f  
heavy m eta l  d i s c h a r g e  ( O l i v e r ,  1973) .  The sed im en ts  o f  th e  I l l i n o i s  
R iv e r  n e a r  P e o r i a ,  I l l i n o i s  were a n a ly ze d  f o r  heavy m eta ls  and compared 
t o  t h e  l e v e l  o f  heavy m e ta l s  found in  t h r e e  n o n - i n d u s t r i a l i z e d  s t ream s  
(Mathis  and Cummings, 1973) .  N ickel  ( N i ) ,  l e a d  ( P b ) , chromium ( C r ) , 
cadmium (C d ) , Cu and Zn were found t o  be s i g n i f i c a n t l y  more c o n c e n t r a t e d  
in  t h e  I l l i n o i s  R iv e r  sed im en ts  t h a n  i n  t h e  o t h e r  s t r e a m s .
Repor ts  o f  s e v e r a l  s t u d i e s  show t h a t  t h e  d i s t r i b u t i o n  o f  heavy 
m e ta l s  i n  sed im en ts  v a r i e s  a p p r e c i a b l y  from one a r e a  t o  a n o t h e r ,  bu t  
in  r e c e n t l y  d e p o s i t e d  sed im en ts  t h e  o v e r a l l  tendency  i s  tow ard  an 
a cc u m u la t io n  o f  heavy m e ta l s  in  l a k e s  ajid a r t i f i c i a l  impoundments. 
Mercury (Hg) , a r s e n i c  (A s) ,  bromine ( B r ) , Cr ,  P b , Cu, and Zn a re  
a cc u m u la t in g  i n  th e  uppermost  p o r t i o n s  o f  Lake Michigan (Leland and 
Shimp, 1974) .  Pb, Hg, Cr ,  Cd, Cu, and Zn have been found t o  be 
a cc u m u la t in g  i n  t h e  most r e c e n t  sed im en ts  o f  s e v e r a l  W isconsin  l ak e s  
( B o r t l e s o n ,  1971; S y e r s ,  e t  a l . , 1973; I s k a n d a r  and Keeney, 1974).
The t o x i c i t y  o f  heavy m eta ls  in  aqueous s o l u t i o n  t o  f i s h  has 
been  summarized by Rudolfs  ej^ a l . (1950) and Duodoroff  and Katz 
(1953) .  Warnick and B e l l  (1969) summarized th e  t o x i c i t y  o f  heavy 
m e ta l s  t o  s e v e r a l  d i f f e r e n t  s p e c i e s  o f  a q u a t i c  i n s e c t s .  The e f f e c t s  
o f  heavy m e ta l s  a s s o c i a t e d  w i th  sed im en ts  on a q u a t i c  b i o t a  have n o t  
been e x t e n s i v e l y  s t u d i e d .  Mathis and Cummings (1973) found t h a t  th e  
c o n c e n t r a t i o n  o f  heavy m e ta l s  in  t h e  t i s s u e s  o f  th e  b e n t h i c  f au n a  in  
t h e  I l l i n o i s  R ive r  c l o s e l y  r e f l e c t e d  t h e  l e v e l  o f  m e ta l s  i n  t h e  bo t tom  
s u b s t r a t e .
The Clark Fork R iv e r  has  r e c e i v e d  heavy metal  p o l l u t a n t s  s i n c e  
p l a c e r  mining f i r s t  commenced i n  B u t te  i n  t h e  1860’s .  I n c r e a s e d  
amounts o f  heavy m e ta l s  were i n t r o d u c e d  i n t o  th e  r i v e r  when t h e  
Anaconda s m e l t e r  began o p e r a t i o n s  i n  1883 (W eise l ,  1972).  There 
have been  s e v e r a l  s t u d i e s  conduc ted  r e c e n t l y  t o  a s c e r t a i n  what e f f e c t s  
t h e  e f f l u e n t s  from t h e s e  a c t i v i t i e s  have had on t h e  w a t e r  q u a l i t y  and 
a q u a t i c  b i o t a  o f  th e  C lark  Fork R iv e r .
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Shinn (19 71) sampled th e  b e n t h i c  i n s e c t s  i n  t h e  upper  C lark  Fork 
R iv e r  d u r i n g  th e  p e r i o d  o f  May 1969 t o  May 1970. He found t h a t  t h e r e  
was a complete  absence  o f  b e n t h i c  b i o t a  in  t h e  upper  r e a d i e s  o f  the  
C lark  Fork R iv e r ,  u n t i l  i t s  w a te r s  were p a s s e d  th ro u g h  a s e r i e s  o f  
s e t t l i n g  ponds n e a r  Warm S p r i n g s ,  Montana, and t h a t  t h e  d i v e r s i t y  and 
numbers o f  i n s e c t s  were n o t  i n d i c a t i v e  o f  a  h e a l t h y  sys tem  u n t i l  the  
C lark  Fork R iv e r  was d i l u t e d  by t h e  L i t t l e  B la c k fo o t  R iv e r .  In 
c o n t r a s t .  Warm S p r in g s  Creek ,  which e n t e r s  t h e  Clark  Fork R iver  j u s t  
below t h e  s e t t l i n g  po n ds ,  was found t o  s u p p o r t  an abundant  and v a r i e d  
faun a .  The Environm enta l  P r o t e c t i o n  Agency (HPA) a l s o  conducted  a 
w a te r  q u a l i t y  s tu d y  o f  t h e  u p p e r  C lark  Fork R iver  i n  19 70 and found th e  
same c o n d i t i o n s .  The absence  o r  r e d u c t i o n  o f  t h e  b e n t h i c  b i o t a  was 
a t t r i b u t e d  t o  t h e  h ig h  c o n c e n t r a t i o n s  o f  heavy m e ta l s  and t o  t h e  poor  
s u b s t r a t e  f o r  a q u a t i c  o rgan isms r e s u l t i n g  from cementing o f  t h e  r i v e r  
b o t to m  w i th  ca lc ium  s u l f a t e  (S h in n ,  1971; EPA, 1971) .
P r i o r  t o  1954, th e  m in e -m i l l  w as te s  from t h e  But te-Anaconda a r e a  
s e v e r e l y  p o l l u t e d  t h e  C la rk  Fork R iv e r  downstream p a s t  t h e  c i t y  o f  
M isso u la  (Casne and B o tz ,  1975) .  S ince  th e  c o n s t r u c t i o n  o f  th e  
s e t t l i n g  ponds n e a r  Warm S p r i n g s ,  t h e s e  w as te s  have been a f f e c t i n g  
s h o r t e r  r e a c h e s  o f  t h e  r i v e r .  In  1973 an ex am in a t io n  o f  the  s t ream bed  
im m ed ia te ly  below t h e  s e t t l i n g  ponds showed no i n v e r t e b r a t e s ,  b u t  in  
1974 th e  Montana Water Q u a l i t y  Bureau found in  th e  same a r e a  t h r e e  
p o l l u t i o n - s e n s i t i v e  organ isms and s e v e r a l  l e s s  p o l l u t i o n - s e n s i t i v e  
midge l a r v a e .  Below D eer lodge ,  Montana, t h e  C la rk  Fork R ive r  has 
g r a d u a l l y  r e c o v e r e d  to  a  p o i n t  where i t  i s  a good f i s h i n g  s t r e a m  
(Casne and B o tz ,  1975) .  The c o n c e n t r a t i o n  o f  s i l v e r  (Ag), Cd, P b , and
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Zn i n  t h e  t i s s u e s  o f  game and rough f i s h  from t h e  C lark  Fork R iv e r  
d r a in a g e  was found t o  be w i t h i n  t o l e r a n c e  l i m i t s  s e t  by th e  U. S.
Food and Drug A d m in i s t r a t io n  (Van M ete r ,  1974) .
In c o n t r a s t  t o  t h e  many i n v e s t i g a t i o n s  o f  t h e  upper  Clark  Fork 
R iver  made th ro u g h o u t  t h e  y e a r s ,  t h e  w a te r  q u a l i t y  o f  t h e  B lack foo t  
R iv e r  has  been  i n v e s t i g a t e d  o n ly  r e c e n t l y  b ecau se  i t  has remained 
r e l a t i v e l y  u n a l t e r e d  by man 's  a c t i v i t i e s .  An a n a l y s i s  o f  th e  w a te r  
q u a l i t y  o f  t h e  B la c k fo o t  R iv e r  and i t s  t r i b u t a r i e s  between February  
1968 and February  1969 found t h e  w a te r  q u a l i t y  t o  be g e n e r a l l y  h ig h  
(Weisel  and N ew ell ,  1970) .  C o n c e n t r a t i o n s  o f  d i s s o l v e d  Fe and Cu were 
w i t h i n  Montana w a t e r  q u a l i t y  s t a n d a r d s  a t  a l l  sam pling  s t a t i o n s  i n  t h e  
d r a i n a g e  t h ro u g h o u t  th e  sam pling  p e r i o d .  Near t h e  h ead w a te rs  o f  t h e  
B la c k f o o t  R ive r  t h e  c o n c e n t r a t i o n  o f  Zn, however ,  ranged  from 0 .07  t o  
0 .4 4  mg/1 and a v e rag ed  0 .2 5  mg/1. Thus,  a t  t im e s  th e  minimum w a te r  
q u a l i t y  s t a n d a r d  f o r  Zn o f  0 . 3  i^g/1 was exceeded .
Spence (1975) compiled  b i o l o g i c a l  as w e l l  as chemical  d a t a  on 
t h e  B la c k fo o t  R iv e r  d r a i n a g e .  Water  q u a l i t y  was found to  be h ig h  
w i th  a few e x c e p t i o n s .  Acid mine d r a i n a g e  has  lowered w a t e r  q u a l i t y  
i n  t h e  ex treme h e a d w a te r s .  S tream  sed im ent  samples were t a k e n  from 
th e  B la c k fo o t  R iver  in  August 1973 and a n a ly ze d  f o r  Cu, Zn, Fe, N i ,
Pb, and Cd. The h i g h e s t  l e v e l s  o f  heavy m e ta l s  were found a t  the  
sam pling  s t a t i o n s  r e c e i v i n g  a c i d  mine d r a in a g e  and i n  a d d i t i o n  t h e  
bo t tom  fau n a  was d e p r e s s e d .  At a l l  o t h e r  sam pling  s t a t i o n s  i n s e c t  
p o p u l a t i o n s  were d i v e r s e  and numerous.
The w a t e r  q u a l i t y  o f  th e  C lark  Fork R iver  p a s t  i t s  c o n f lu e n ce  w i th  
t h e  B la c k fo o t  R iv e r  and Mil l town r e s e r v o i r  i s  good u n t i l  a pu lp  m i l l
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a t  M is s o u la ,  Montana, i s  re a c h e d  and excep t  d u r in g  drawdowns o f  Bonner 
r e s e r v o i r  (Nunnallee  and B o tz ,  1975).  During th e  f l u s h  o f  th e  dam in  
March o f  1971, t h e  amount o f  d i s s o l v e d  Fe in  t h e  r i v e r  a t  M issou la  
i n c r e a s e d  from 4 .5  t o  15.0 mg/1,  Cu from 0 .1  t o  2 .2  mg/1 and Zn from 
0 .1  t o  2 .8  mg/1 (Montana S t a t e  Department o f  H e a l t h ,  1971).  The 
h i g h e s t  c o n c e n t r a t i o n s  o f  heavy m e ta ls  o c c u r r e d  im m edia te ly  below th e  
dam where Fe, Cu, and Zn re a c h e d  100, 4 . 6 ,  and 11.2 mg/1, r e s p e c t i v e l y  
(Marcoux, 1971) .  To m o n i to r  t h e  e f f e c t s  o f  t h e  drawdown on f i s h ,  th e  
Montana F i sh  and Game Department p l a c e d  cages c o n ta in i n g  7-9 in ch  
rainbow t r o u t  i n  t h e  r i v e r  0 .5  m ile  below t h e  dam and 5 m i le s  below 
t h e  dam. M o r t a l i t y  o f  t h e  t r o u t  re a c h e d  80 p e r  cen t  w i t h i n  f i v e  days 
a t  t h e  s t a t i o n  n e a r e s t  th e  dam, whereas 40 p e r  c en t  m o r t a l i t y  o c c u r r e d  
a t  t h e  low er  s t a t i o n .  Only one ou t  o f  8 f i s h  d i e d  a t  the  c o n t r o l  
s t a t i o n  s i t u a t e d  i n  t h e  B lac k fo o t  R iv e r .  On th e  f i f t h  day a l l  f i s h  
i n  th e  cages  were removed and r e p l a c e d  w i th  rainbow t r o u t  2-4 in ch e s  
lo n g .  During th e  f o l lo w in g  e i g h t  d a y s ,  100 p e r  cen t  m o r t a l i t y  
o c c u r r e d  a t  t h e  s t a t i o n  im m ed ia te ly  below t h e  dam w h i le  a l l  t r o u t  
s u r v i v e d  a t  t h e  downstream and c o n t r o l  s t a t i o n s .  A c o a t in g  o f  
c o a g u l a t e d  mucus on th e  g i l l s  o f  a dy ing  brown t r o u t  t a k e n  a t  th e  
lower  sam p l ing  s t a t i o n  i n d i c a t e d  t h a t  t o x i c  m e ta l s  were c a u s in g  f i s h  
m o r t a l i t y  (Marcoux, 1971) .
Chapte r  I I  
üliSCRlITlON 01- Till-; ARIîA
Upper C lark  Fork R iver
The C la rk  Fork R i v e r ,  which d r a i n s  t h e  west  s l o p e  o f  t h e
C o n t i n e n t a l  Divide i n  w e s t - c e n t r a l  Montana, o r i g i n a t e s  i n  t h e
S a p p h i re  Mountains n e a r  B u t t e .  The h e adw a te rs  o f  th e  r i v e r  i s  
S i l v e r  Bow Creek which j o i n s  Warm S p r in g s  Creek to  become the  Clark  
Fork R iv e r  some 25 m i le s  downstream from B u t te  a t  t h e  Warm Spr ings  
s e t t l i n g  ponds.  The r i v e r  i s  f r e e - f l o w i n g  between th e  s e t t l i n g  ponds 
and M il l town Dam, a d i s t a n c e  o f  a p p ro x im a te ly  90 m i le s  (F ig .  1) .
No s t r e am f lo w  d a t a  a r e  a v a i l a b l e  f o r  t h e  C la rk  Fork R iver  p a s t  
Drummond, Montana,  and above M il l town Dam. A rough e s t i m a t e  o f  th e  
s t ream f low  e n t e r i n g  t h e  impoundment b e h in d  Mill town Dam can be d e t e r ­
mined by add ing  t h e  s t ream f lo w  o f  t h e  C lark  Fork R iv e r  a t  Drummond
and t h a t  o f  Rock Creek ,  t h e  o n ly  m ajor  t r i b u t a r y  e n t e r i n g  t h e  C la rk
Fork R iv e r  p a s t  Drummond and u p s t ream  from M il l town Dam. Using 
U n i ted  S t a t e s  G e o lo g ic a l  Survey (USGS) s t ream f low  d a t a  f o r  t h e  w a te r  
y e a r  O c to b er  1971 t o  September 1972, t h e  t o t a l  s t ream flow  d i s c h a r g e  
was 524,200 a c r e  f e e t .  Monthly mean d i s c h a r g e  ranged  from a h igh  
in  May o f  1 ,167  c u b ic  f e e t  p e r  second ( c f s )  t o  a  low i n  August o f  
247 c f s .
Between B u t te  and G a r r i s o n  t h e  r i v e r  f lows th rou g h  the  Deer 
Lodge V a l le y  which i s  p a r t i a l l y  f i l l e d  by a t h i c k  l a y e r  o f  w e l l -  
s o r t e d  s i l t ,  s a n d ,  g ra v e l  and c l a y .  In t h i s  v a l l e y  t h e  f l o o d p l a i n
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o f  t h e  C la rk  Fork R iv e r  i s  u n d e r l a i n  by a t h i n  d e p o s i t  o f  p o o r ly  
s o r t e d  s i l t ,  s a n d ,  and g r a v e l  a l lu v iu m .  The r i v e r  p a s s e s  th ro u g h  a 
mountainous a r e a  between G ar r i so n  and Mill town Dam. Bedrock forming 
t h e  s u r r o u n d in g  mountains i s  composed o f  s e d im e n ta r y ,  i g n e o u s ,  and 
metamorphic  rocks  (EPA, 1971) .
Mining has  been a c t i v e  in  t h e  Upper C lark  Fork R ive r  d r a in a g e  
s i n c e  g o ld  was d i s c o v e r e d  in  t h e  B u t te  r e g i o n  in  1864. S ince  t h a t  
t im e  m i l l i o n s  o f  d o l l a r s  worth  o f  go ld  and s i l v e r  have been mined i n  
t h e  d r a i n a g e .  Most o f  t h e  mining  a c t i v i t y  has  t a k e n  p l a c e  i n  t h e  
a r e a  above Drummond. T a i l i n g s  from t h e s e  mining a c t i v i t i e s  e x i s t  
to day  and i n  v a r y in g  d e g re e s  s t i l l  l e a c h  heavy m eta l  con tam inan ts  
i n t o  t h e  C lark  Fork R iv e r  and i t s  t r i b u t a r i e s  (Van M eter ,  1974;
Casne and B o tz ,  1975).
The most e x t e n s i v e  mining  o p e r a t i o n  in  t h e  d r a in a g e  has  been  in  
t h e  But te-Anaconda a r e a .  S ince  1883 t h e  Anaconda Copper Mining 
Company has  been  s m e l t i n g  copper  a t  one o f  t h e  w o r l d ' s  l a r g e s t  
c opper  s m e l t e r s  n e a r  Anaconda. Copper o re  i s  e x t r a c t e d  from two 
open p i t  mines n e a r  B u t te  and s h ip p e d  t o  Anaconda f o r  f u r t h e r  copper  
r e f i n i n g .  S i l v e r  Bow Creek has been r e c e i v i n g  w as te  w a te r s  from 
t h e s e  mining  and s m e l t i n g  o p e r a t i o n s  f o r  t h e  p a s t  n i n e t y  y e a r s .
During t h e  1 9 5 0 's  and 1960 ' s  a s e r i e s  o f  s e t t l i n g  ponds were b u i l t  
on S i l v e r  Bow Creek a t  Warm S p r in g s  i n  o r d e r  t o  l i m i t  th e  amount o f  
p o l l u t a n t s  c a r r i e d  i n t o  t h e  C la rk  Fork R iv e r .  The w a te r  e n t e r i n g  
t h e s e  ponds i s  l imed t o  lower  t h e  a c i d i t y  o f  th e  w as te  w a te r  and t o  
p r e c i p i t a t e  heavy m eta l  h y d r o x id e s .
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D e sp i t e  r e c e n t  e f f o r t s  by t h e  But te  o p e r a t i o n s  o f  th e  Anacoiuia 
Company t o  l i m i t  t h e  amount o f  w as te  d i s c h a r g e d  i n t o  S i l v e r  Bow Creek, 
t h e  c re ek  i s  a lm ost  devo id  o f  b i o l o g i c a l  l i f e  from B u t te  t o  th e  Warm 
S p r in g s  s e t t l i n g  ponds.  Poor  s u b s t r a t e  f o r  b e n t h i c  organ isms and 
h ig h  heavy m eta l  c o n c e n t r a t i o n s  a r e  t h e  p r im ary  causes  f o r  t h i s  
c o n d i t i o n .  The Warm S p r in g s  pond sys tem removes ap p ro x im a te ly  75-90 
p e r  cen t  o f  t h e  F e , Cu, Zn, Cd, and As a c c o rd in g  t o  e s t i m a t e s  by th e  
Montana Water Q u a l i t y  Bureau (1975) .  D e sp i te  removal o f  most o f  th e  
c o n ta m in a n ts ,  t h e  mainstem o f  th e  Clark  Fork R iver  between th e  ponds 
and Deer Lodge i s  b i o l o g i c a l l y  degraded  (S h inn ,  1971; EPA, 1971).
The w a t e r  q u a l i t y  g r a d u a l l y  improves downstream from th e  p onds ,  and 
a t  G a r r i s o n ,  where t h e  L i t t l e  B la c k fo o t  R ive r  j o i n s  t h e  Clark  Fork ,  
c o n d i t i o n s  a r e  improved enough to  s u p p o r t  a w e l l - b a l a n c e d  community 
o f  f i s h  and b e n t h i c  o rg an ism s .  At Drummond t h e  C lark  Fork R iver  
ap p ro ach es  t h e  h ig h  w a te r  q u a l i t y  o f  i t s  t r i b u t a r i e s  (Casne and B otz ,  
1975).
B la c k fo o t  R iv e r
The B la c k fo o t  R iv e r  f lows o v e r  120 m i le s  in  a w e s t e r l y  d i r e c t i o n  
from t h e  summit o f  th e  C o n t in e n t a l  Div ide  between R oger’s Pass and 
F l e t c h e r  Pass  u n t i l  i t  merges w i th  t h e  Clark  Fork R iver  n e a r  Bonner 
(F ig .  2 ) .  P r e s e n t l y  t h e r e  a re  no dams o r  i n d u s t r i e s  on th e  B lac k fo o t  
R iv e r  u n t i l  Bonner i s  r e a c h e d ,  where a sawmill  i s  o p e r a t e d .
The t o t a l  s t ream f low  o f  th e  B la c k fo o t  R ive r  f o r  t h e  w a te r  y e a r  
O c to b er  1971 to  September 1972, as measured  a t  a USGS gaging  s t a t i o n  
n e a r  Bonner ,  was 641,500 a c r e  f e e t .  The monthly mean d i s c h a r g e
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ranged  from a h igh  i n  May o f  2 ,413 c f s  t o  a low i n  September o f  
446 c fs  (Casne and B otz ,  1975).
The major  g e o lo g i c a l  d i f f e r e n c e  between th e  C lark  Fork and 
B la c k f o o t  R iv e r  d r a in a g e s  i s  t h a t  t h e  upper  v a l l e y  o f  t h e  B la c k fo o t  
R iv e r  has g l a c i a l  d e p o s i t s  o f  g ra v e l  and m ora ina l  d r i f t s .  The s u b ­
s t r a t u m  o f  t h e  B lac k fo o t  R iv e r  i s  s t a b l e ,  c o n s i s t i n g  a lmost  e n t i r e l y  
o f  l a r g e  b o u l d e r s  and ru b b le  (W e ise l ,  1970).
The B lac k fo o t  R iver  fo l lo w s  a narrow v a l l e y  which i s  m os t ly  
f o r e s t e d  and s p a r s e l y  p o p u l a t e d .  The m a j o r i t y  o f  t h e  t r i b u t a r i e s  
which e n t e r  t h e  B lac k fo o t  R iv e r  from th e  n o r t h  a r e  p r i s t i n e  s i n c e  
t h e y  o r i g i n a t e  i n  o r  n e a r  t h e  Scapegoat  W ild e rness  Area.  Timber 
h a r v e s t i n g  and a g r i c u l t u r a l  p r a c t i c e s  have had l i m i t e d  e f f e c t s  on 
th e  w a t e r  q u a l i t y  o f  t h e  t r i b u t a r i e s  e n t e r i n g  from t h e  s o u t h .
In th e  l a t e  1800’s many o f  t h e  t r i b u t a r i e s  in  t h e  Upper 
B la c k fo o t  V a l ley  were p l a c e r  mined f o r  g o ld .  Large q u a n t i t i e s  o f  
l e a d  and s i l v e r  were mined i n  t h e  e a r l y  1900 ' s .  The most e x t e n s i v e  
mining  a c t i v i t y  was on Mike Horse Creek in  t h e  H edd les ton  mining 
a r e a ,  where a s m e l t e r  was c o n s t r u c t e d  i n  1919. A f t e r  World War I I  
s m e l t i n g  o p e r a t i o n s  c e a sed  and, e x ce p t  f o r  o c c a s i o n a l  p r o s p e c t s ,  
t h e r e  was no more m in ing .  Acid mine d r a in a g e  from th e  rem ain ing  
t a i l i n g s  has lowered  w a te r  q u a l i t y  and r e s u l t e d  i n  t h e  d e p r e s s io n  o f  
a q u a t i c  f a u n a  p o p u l a t i o n  and d i v e r s i t y  in  th e  upper  5-10 m i le s  o f  t h e  
r i v e r  d r a in a g e  (Spence ,  1975; Casne and Botz ,  1975).
Water  q u a l i t y  i s  c o n s i d e r e d  h ig h  in  t h e  B lac k fo o t  R iv e r  and i t s  
t r i b u t a r i e s  e x ce p t  f o r  t h e  p r e v i o u s l y  m ent ioned  a re a s  a f f e c t e d  by 
p a s t  mine t a i l i n g s  and two t r i b u t a r i e s  in  t h e  lower  p o r t i o n  o f  t h e
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r i v e r .  Elk Creek and Union Creek ,  which have lowered  w a te r  q u a l i t y  
due t o  a g r i c u l t u r a l  a c t i v i t i e s  (Spence ,  1975) .  A comparison o f  w a te r  
q u a l i t y  d a t a  f o r  t h e  B la c k fo o t  R iv e r  and C lark  Fork R iv e r  n e a r  Mil l town 
r e s e r v o i r  shows t h a t  t h e  mean pH and mean amount o f  d i s s o l v e d  Fe and 
Cu f o r  t h e  two r i v e r s  n e a r  t h e i r  c o n f lu e n c e  a re  ap p ro x im a te ly  th e  
same. T o ta l  h a r d n e s s ,  ca lc ium  h a r d n e s s ,  and s u l f a t e  c o n c e n t r a t i o n s  
a re  s i g n i f i c a n t l y  h i g h e r  i n  t h e  Clark  Fork R iv e r  than  in  t h e  B lack fo o t  
R ive r  (Table  1 ) .  This  d i f f e r e n c e  i s  undo u b ted ly  caused  by th e  l im ing  
o f  t h e  e f f l u e n t s  from t h e  Warm S p r ing s  s e t t l i n g  ponds.  In  comparison 
t o  th e  Clark  Fork R iv e r  d r a in a g e  t h e  B lac k fo o t  R iver  d ra in a g e  has 
been  l i t t l e  a f f e c t e d  by man's  a c t i v i t i e s .
Mil l town Dam
Mill town (Bonner) Dam, s i t u a t e d  below th e  c o n f lu e n c e  o f  t h e  
C lark  Fork and B lac k fo o t  R i v e r s ,  was b u i l t  i n  1906 by t h e  Montana 
Power Company and commenced power g e n e r a t i o n  in  1908. The dam i s  210 
f e e t  wide and depends upon t h e  run  o f  t h e  r i v e r  f o r  power g e n e r a t i o n  
b e c a u se  o f  i t s  l i m i t e d  impounding c a p a c i t y .  At f u l l  load  g e n e r a t i n g  
c a p a c i t y  i s  3400 k i l o w a t t s  p e r  h o u r .  Montana Power Company i n t e n d s  
t o  c o n t in u e  t o  use  M il l town Dam f o r  power g e n e r a t i o n  i n d e f i n i t e l y .
Each y e a r  a f t e r  h ig h  w a t e r ,  Montana Power Company lowers  th e  
w a te r  l e v e l  o f  t h e  impoundment t o  r e p l a c e  r e t a i n i n g  b o a rd s .  U su a l ly  
t h i s  drawdown o f  t h e  w a t e r  i s  done a t  a slow r a t e ,  so t h a t  l i t t l e  o f  
th e  se d im en ts  a re  f l u s h e d  from t h e  impoundment. In  March o f  1971,  th e  
w a te r  drawdown was lower t h a n  u su a l  to  do a d d i t i o n a l  r e p a i r  work on 
th e  dam. The sediment  c a r r i e d  downstream from t h i s  drawdown caused  
th e  C lark  Fork R ive r  t o  run r e d .
Table 1
Comparison of Water Quality Data Between the Blackfoot River 
and Clark Fork River near th e i r  Confluence
pH
Total
Hardness
All values in 
Calcium 
Hardness
ppm, except pH 
Sulfate Iron Copper
Blackfoot River^ 
(10 miles from 
mouth of river)
8.1 116 79 5 0.10 0
Clark Fork River^ 
(near Clinton)
8.0 275 245 90 0.05 0.01
^ e a n  values for February 1968-February 1969 (Weisel and Newell, 1970).
Mean values for May 1969-May 1970 (Shinn, 1971).
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Q ia p te r  I I I  
METHODS AND MATERIALS
Sediment
E ig h t  co re  samples were t aken  i n  t h e  impoundment d u r in g  J u l y  
1974 a t  t h e  l o c a t i o n s  shown in  F igure  3. The core  samples  r e p r e s e n t  
v a r io u s  l o c a t i o n s  in  t h e  impoundment, b u t  a re  l i m i t e d  t o  t h e  s i d e  o f  
any main chan n e ls  s i n c e  accumulated  sed im ent  i n  t h e  main ch anne ls  was 
more d i s r u p t e d  d u r in g  h ig h  w a te r  and f l u s h i n g s  o f  t h e  r e s e r v o i r .  Two 
o f  t h e  c o re s  were t a k e n  i n  t h e  B lack fo o t  R iv e r  p o r t i o n  o f  t h e  
impoundment t o  o b t a i n  sed im ents  presumed n o t  t o  be i n f l u e n c e d  by the  
e f f l u e n t s  from Warm S p r in g s  s e t t l i n g  ponds.
Samples o f  sed im en t  were t a k e n  w i th  a manually  o p e r a t e d  dev ice  
t h a t  c o l l e c t e d  c o re s  i n  1 3 /8  in ch  p l a s t i c  t u b i n g .  The c o re s  v a r i e d  
i n  l e n g t h  from 30 cm t o  95 cm, depend ing  upon th e  d i s t a n c e  t h e  dev ice  
c o u ld  be d r i v e n  i n t o  t h e  s e d im e n t .  The w a t e r  dep th  a t  each co re  s i t e ,  
t h e  dep th  each  co re  was d r i v e n ,  and t h e  l e n g t h  o f  each co re  o b t a i n e d  
a re  l i s t e d  i n  Table  2. Core #8 was l e f t  i n t a c t  to  examine f o r  
l a y e r i n g  o f  th e  se d im en t .  The o t h e r  seven  c o re s  were e x t ru d e d  from 
t h e i r  p l a s t i c  c a s in g s  i n  5 cm l e n g t h s  f o r  c o re s  2 ,  3, 5 ,  and 6 and 
in  10 cm l e n g t h s  f o r  c o re s  1 , 4 ,  and 7. The samples were p l a c e d  in  
p o l y e t h y l e n e  bags  and f r o z e n  u n t i l  a n a ly z e d .
D i g e s t i o n . A m o d i f i e d  method from N ore lco  Company (1969) and 
Mandzak (1974) was used  to  p r e p a r e  t h e  samples f o r  e le m e n ta l  a n a l y s e s .  
A l l  g l a s s  and p l a s t i c  ware u sed  were washed w i th  Alconox d e t e r g e n t ,
16
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F igu re  3
Loca t ion  o f  Sediment Cores 
in  Mil l town R e s e rv o i r
The B lack fo o t  R iv e r ,  c a r r y i n g  a heavy sediment  l o a d ,  i s  on t h e  
l e f t .  A highway. I n t e r s t a t e  90 ,  c ro s s e s  t h e  B la c k fo o t  R iv e r  between 
s i t e s  #1 and #2. The Clark  Fork R iver  i s  in  t h e  c e n t e r  o f  t h e  
f i g u r e .  A meander from th e  Clark Fork R iver  i s  l o c a t e d  t o  t h e  r i g h t  
o f  s i t e  #2.
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T able  2
Water  Depth a t  Sampling S i t e s ,  Depth Cores 
Driven i n t o  t h e  S e d im e n t , and 
Length o f  Cores O b ta ined
Water Depth Depth Length
Core # a t  Sampling S i t e  Core Driven o f  Core
1 5 . 5 m  0 .3 3  m 45 cm
2 2 . 4 m  2 . 0 3 m  50 cm
3 * * 30 cm
4 4 . 3 m  * 95 cm
5 4 . 3 m  2 .36  m 45 cm
6 1 . 8 m  1 .63  m 60 cm
7 4 .8  m 1.78 m 45 cm
8 3 .7  m 1.75 m 95 cm
* D e te rm in a t io n  o f  dep th  was n o t  p o s s i b l e  due t o  d r i f t i n g  
o f  t h e  b o a t .
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r i n s e d  w i th  4:1 n i t r i c  a c i d  (HNO^) , t h e n  th o r o u g h ly  r i n s e d  w i th  t a p  
w a t e r ,  and f i n a l l y  r i n s e d  t h r e e  t im es  w i th  d e i o n i z e d - d i s t i l l e d  w a te r .  
All  chem ica ls  used were ACS grade  c h em ic a l s .
The p ro c e d u re  used  f o r  d i g e s t i o n  i s  as fo l low s  :
1. A f t e r  th a w in g ,  oven -d ry  sed im ent  sample a t  90°C f o r  12-16
hours  .•
2. Grind in  a g l a s s  m o r ta r .
3. Dry ag a in  a t  90°C f o r  3-4 h o u r s ,  mix t h o r o u g h ly .
4. Weigh a p p ro x im a te ly  500 mg o f  sample on an a n a l y t i c a l  b a l a n c e .
5. T r a n s f e r  t o  a 400 ml T ef lo n  b e a k e r .
6. Add 5 ml o f  d i s t i l l e d  w a te r  t o  m o is ten  and s e p a r a t e  t h e
Sample.
7. P la c e  i n  a  fume hood d e s ig n e d  f o r  p e r c h l o r i c  a c i d  [HCIO^] .
8. Add 40 ml o f  c o n c e n t r a t e d  h y d r o f l u o r i c  a c i d  (HF) f o r  t h e  
decom p os i t io n  o f  i n o r g a n i c  m a t t e r .
9. Add 10 ml o f  1:1 HNO^-HCIO^ f o r  t h e  decom posi t ion  o f  
o r g a n ic  m a t t e r .
10. Cover t h e  b e a k e r  w i th  a r i d g e d  p l a s t i c  watch g l a s s  t o  p r e v e n t  
s p a t t e r i n g  and t o  p e rm i t  a l i m i t e d  amount o f  r e f l u x i n g  o f  HNO  ̂ and
HF.
11. P re h e a t  a h o t p l a t e  to  210°C i n  t h e  fume hood.
12. Heat sample u n t i l  dense  w h i te  fumes o f  HCIO^ ev o lve .
13. Let coo l .
14. Add a d d i t i o n a l  20 ml p o r t i o n s  o f  c o n c e n t r a t e d  HF i f  
r e s i s t a n t  m in e r a l s  a re  e n c o u n te r e d ,  refume.
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15. Add 100 ml o f  IN HCl, h e a t  s l i g h t l y  t o  a i d  t h e  d i s s o l u t i o n  
o f  s a l t s .
16. T r a n s f e r  t o  a 250 ml v o l u m e t r i c  f l a s k .
17. Immedia te ly  d i l u t e  t o  j u s t  below th e  mark w i th  IN HCl, 
s w i r l  t o  mix.
18. Cool t o  room t e m p e r a t u r e ,  d i l u t e  t o  volume.
19. T r a n s f e r  t o  a p o l y e t h y l e n e  b o t t l e ,  r e f r i g e r a t e .
A n a ly s e s . C o n c e n t r a t io n s  in  th e  d i g e s t  s o l u t i o n s  o f  Zn, Cu,
Mn, and Fe were de te rm ined  u s in g  a Varion Model 1000 Atomic 
A b so rp t io n  S p e c t ro p h o to m e te r .  The m a n u f a c t u r e r ’s recommended 
i n s t r u m e n t  s e t t i n g s  and p ro c e d u re s  were employed.
Sample s o l u t i o n s  c o n ta in i n g  h ig h  c o n c e n t r a t i o n s  o f  s a l t s  must 
be matched w i th  a s t a n d a r d  s o l u t i o n  o f  a s i m i l a r  complex t o  o b t a i n  
an a c c u r a t e  c a l i b r a t i o n  cu rv e .  S ince  t h i s  was n o t  p o s s i b l e  w i th  th e  
d i g e s t  s o l u t i o n s ,  t h e  method o f  s t a n d a r d  a d d i t i o n s  was u se d .  This  
e n t a i l e d  adding  a sm al l  known amount o f  th e  e lem ent  t o  be measured t o  
t h r e e  a l i q u o t s  o f  sample s o l u t i o n .  To a f o u r t h  a l i q u o t  was added a 
b l a n k  s o l u t i o n .  A c a l i b r a t i o n  graph was p l o t t e d  from t h e  measured 
ab so rb an ce  o f  th e  d i f f e r e n t  s o l u t i o n s .
Metal ion c o n c e n t r a t i o n s  were d e te rm in ed  as f o l lo w s :
micrograms p e r  gram
p a r t s  p e r  m i l l i o n  o f  m eta l  ^  250________  _ (yg /g )  o f  m eta l
i n  d i g e s t  s o l u t i o n  grams o f  sample i n  sample
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M a c r o i n v e r t e b r a t e s
E q u a l - s i z e d  a re a s  were b lo c k e d  o f f  on an a e r i a l  pho to g rap h  o f  th e  
B la c k fo o t  R iv e r  and t h e  C lark  Fork R iv e r  p o r t i o n s  o f  Mi l i to w n  r e s e r v o i r .  
Nine a r e a s  in  each p o r t i o n  were randomly chosen t o  sample f o r  b e n t h i c  
o rg an ism s .  Samples o f  th e  sediment  were t a k e n  w i th  a 6 X 6 inch  Ekman 
d r e d g e ,  p l a c e d  in  g l a s s  j a r s ,  and r e f r i g e r a t e d .  Five sed im en t  samples 
from each a r e a  were randomly s e l e c t e d  f o r  s o r t i n g .  The organisms were 
c o l l e c t e d  by s t r a i n i n g  t h e  sediment  th ro u g h  a No. 30 s i e v e ,  and s t o r e d  
i n  70 p e r  cen t  a l c o h o l  u n t i l  counted  and i d e n t i f i e d .
The o n ly  i n s e c t s  found were D ip te ra n  l a r v a e .  These were p r e p a r e d  
f o r  k e y in g  by soak ing  t h e  l a r v a e  in  25% KOH s o l u t i o n  u n t i l  t h e  muscle  
t i s s u e  was d i g e s t e d  (ap p ro x im a te ly  12 h o u r s ) .  The c l e a r e d  specimens 
were r i n s e d  i n  w a t e r ,  t r a n s f e r r e d  t o  95% e th a n o l  and mounted on s l i d e s .  
The specimens were examined under  a  compound m icroscope  and i d e n t i f i e d  
employing keys by U s inge r  (1973) and Mason (1968) .
C hap te r  IV 
RESULTS
Sediment
The l e v e l s  o f  Cd and Cr were below t h e  l i m i t s  o f  t h e  t e s t  method--  
0 .5  ug /g  f o r  Cd and 2 .0  pg/g  f o r  Cr. The c o n c e n t r a t i o n s  o f  Zn, Cu, Mn, 
and Fe ran g ed  w id e ly  in  t h e  sed iment  c o r e s ,  and were g e n e r a l l y  h igh  
(Table  3 ) .  The a v e rages  among t h e  c o re s  ranged  from 48-4 ,915  pg/g  
f o r  Zn; 11 -4 ,9 2 7  pg /g  f o r  Cu; 249-2 ,890  p g /g  f o r  Mn; and 17 ,850-  
39,510 pg /g  f o r  Fe. The ave rage  c o n c e n t r a t i o n  o f  t h e  m e ta l s  i s  
h i g h e s t  i n  t h e  c o re s  t a k e n  c l o s e s t  t o  MilI town Dam (co re s  #4,  #5,  #6, 
and #7 ) .  Core #3,  t a k e n  f u r t h e s t  u p s t ream  from t h e  dam, c o n ta in s  t h e  
lowest  l e v e l s  o f  heavy m e t a l s .  The w a t e r  v e l o c i t y  a t  s i t e  #3 i s  
h i g h e s t  and s c o u r i n g  a c t i o n  most ex t rem e .  A co re  from t h e  B lac k fo o t  
R ive r  (#1) has  c o m p a ra t iv e ly  low c o n c e n t r a t i o n s  o f  m e ta l s  and c o n s t a n t  
c o n c e n t r a t i o n s  o f  m e ta ls  t h ro u g h o u t  i t s  l e n g t h .  Another  co re  ( #2) ,  
from t h e  B lac k fo o t  R iv e r  p o r t i o n  o f  t h e  impoundment, c o n ta in s  h ig h  
c o n c e n t r a t i o n s  o f  Zn and Cu. This  segment o f  t h e  B lac k fo o t  R iv e r ,  
however ,  r e c e i v e s  w a te r s  from a meander o f  t h e  C lark  Fork R iver .
During h ig h  w a t e r  s i l t  from t h e  C lark  R ive r  i s  undoub ted ly  d e p o s i t e d  
a t  s i t e  #2.
C o n c e n t r a t i o n s  o f  heavy meta l  va ry  s i g n i f i c a n t l y  a t  d i f f e r e n t  
d e p th s  i n  t h e  c o r e s .  Core #1 from th e  B la c k fo o t  R iver  has r e l a t i v e l y  
l i t t l e  v a r i a t i o n  in  m eta l  c o n c e n t r a t i o n  (F ig .  4 ) .  Core #2, t ak e n  
n e a r  t h e  j u n c t i o n  o f  t h e  B la c k fo o t  and C lark  Fork R i v e r s ,  c o n ta in s  a 
peak o f  h ig h  Zn and Cu c o n c e n t r a t i o n  a t  15 cm from t h e  s u r f a c e  o f
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Tab le  3
Range and Average o f  Heavy Metal C o n c e n t r a t io n s  
in  t h e  Sediment Cores
Core #
Zn
(pg /g )
Cu
(pg /g )
Mn
(pg/g)
Fe
(pg /g )
1 334-399 13-20 225-278 21 ,280-25 ,000
(362)b (16) (249) (23 ,160)
2 984-4 ,932 1 ,0 7 3 -3 ,4 7 7 534-649 24 ,000-33 ,860
(2 ,505) (2 ,283) (583) (30 ,180)
3 <dl*-163 <dl*-39 300-464 1 4 ,680-20 ,580
(48) (11) (392) (18,320)
4 293-1 ,578 50-767 368-2 ,608 10 ,540-27 ,200
(739) (314) (1 ,118) (17 ,850)
5 527-1 ,820 148-855 589-2 ,890 15 ,350-33 ,450
(919) (476) (1 ,175) (23 ,100)
6 617-1 ,710 94-565 472-1 ,826 1 5 ,540-31 ,870
(1 ,117) (312) (1 ,146) (23 ,650)
7 829-7 ,907 1 ,3 4 1 -7 ,9 2 7 475-1 ,402 2 9 ,6 30-43 ,280
(4 ,915) (4 ,927) (1 ,020) (39 ,510)
< d l= le s s  t h a n  d e t e c t i o n  l e v e l .
Average c o n c e n t r a t i o n s  i n  p a r e n t h e s e s .
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F igu re  4
D i s t r i b u t i o n  o f  Zn, Cu, Mn, and Fe in  th e  Sedim ent Core #1
(See F igu re  3 f o r  L oca tion  o f  Core
in  Mi 11town R e s e rv o ir )
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t h e  c o re .  A s m a l l e r  peak in  m eta l  c o n c e n t r a t i o n  i s  d i s c e r n i b l e  a t  45 
cm (F ig .  5 ) .
Core #3, t a k e n  u p s t ream  in  t h e  sc o u re d  p a r t  o f  th e  C la rk  Fork 
R iv e r ,  does no t  c o n t a i n  any h ig h  peaks in  metal  c o n c e n t r a t i o n .  Zn 
c o n c e n t r a t i o n  i s  163 pg/g  a t  30 cm from t h e  to p  o f  th e  c o r e - - o v e r  
tw ic e  th e  c o n c e n t r a t i o n  in  any o t h e r  segment ,  bu t  t h i s  i s  s t i l l  lower 
t h a n  th e  c o n c e n t r a t i o n  o f  Zn i n  th e  o t h e r  c o re s  (F ig .  6 ) .
Core #4, downstream from th e  s i t e  o f  core  #3, c o n ta in s  wide 
v a r i a t i o n s  i n  m e ta l  c o n c e n t r a t i o n .  The h ig h  peaks o f  a l l  f o u r  m eta ls  
o c c u r  a t  25 cm and 85 cm below t h e  s u r f a c e .  The l e v e l  o f  m eta l  
c o n c e n t r a t i o n  i s  g r e a t e s t  a t  25 cm (F ig .  7 ) .
Although co re  #5 i s  l o c a t e d  n e a r  s i t e  #4, t h e r e  i s  o n ly  one peak 
o f  h ig h  metal  c o n c e n t r a t i o n .  The peak i s  a t  40 cm which i s  much
f a r t h e r  below t h e  t o p  o f  t h e  c o re  t h a n  t h e  i n i t i a l  peaks  i n  b o th
c o re s  #2 and #4 (F ig .  8 ) .
The co re  d r i l l e d  in  t h e  impoundment p r o p e r  (Core #6) has  two 
peaks  o f  m eta l  c o n c e n t r a t i o n  a t  d e p th s  o f  20 cm and 45 cm. The 
h i g h e s t  c o n c e n t r a t i o n s  o f  t h e  m e ta l s  i s  a t  20 cm. All  f o u r  m eta ls  
fo l low  a u n i f i e d  p a t t e r n  i n  t h e i r  c o n c e n t r a t i o n s  (F ig .  9 ) .
No peaks  o f  heavy m eta l  c o n c e n t r a t i o n  o c c u r  in  co re  #7, t a k e n  in  
t h e  impoundment p r o p e r  a c r o s s  t h e  main channel  o f  t h e  Clark  Fork 
R iv e r  from s i t e  #6. Metal c o n c e n t r a t i o n  i s  h i g h e s t  a t  t h e  to p  o f  t h e  
core  and d e c r e a s e s  w i th  dep th  (F ig .  10) .
D u p l i c a t e  a n a ly s e s  were made f o r  each segment o f  sed iment  in  
c o re  #4. The s t a n d a r d  d e v i a t i o n  o f  t h e  d u p l i c a t e  a n a ly s e s  i s  l e s s  th an
6 p e r  c en t  o f  th e  mean, e x ce p t  f o r  some o f  t h e  low Cu v a lu e s  and two Mn
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F igure  5
D i s t r i b u t i o n  o f  Zn, Cu, Mn, and Fe in  t h e  Sedim ent Core #2
(See F ig u re  3 f o r  L oca tion  o f  Core
in  Mi 11town R e se rv o ir )
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F igu re  6
D i s t r i b u t i o n  o f  Zn, Cu, Mn, and Fe in  th e  Sedim ent Core #3
(See F ig u re  3 f o r  L o ca tio n  o f  Core
in  Mi 11town R e s e rv o ir )
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F igu re  7
D i s t r i b u t i o n  o f  Zn, Cu, Mn, and Fe in  t h e  Sediment Core #4
(See F ig u re  3 f o r  L o ca tio n  o f  Core
in  M ilItow n R e se rv o ir )
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Figure  8
D i s t r i b u t io n  o f  Zn, Cu, Mn, and Fe in  th e  Sediment Core #5
(See F igure  3 f o r  Location  o f  Core
in  M illtown R e se rv o ir )
35
3 5 0 0  , _  35 ,000
3000 ..
2500 ..
2000 . .
3U
£
N
£
5 1500
O)
en
ÎOOO ..
500 ..
A Fe 
▲ Mn
O  Z n 
•  Cu
.. 30 000
.25,000
..20000
..15,000 «
en
D>
. 10.000
-.500
O l
10 15 20 25 30 35 40 45
io
d is ta n c e  from  to p  o f core  (cm)
36
Figure  9
D i s t r i b u t i o n  o f  Zn, Cu, Mn, and Fe in  th e  Sediment Core #6
(See F igu re  3 f o r  L ocation  o f  Core
in  M illtown R e se rv o ir )
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F igure  10
D i s t r i b u t io n  o f  Zn, Cu, Mn, and Fe in  th e  Sediment Core #7
(See F igu re  3 f o r  L ocation  o f  Core
in  M illtow n R e se rv o ir )
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v a l u e s .  The v a lu e s  o b t a i n e d ,  mean v a l u e s ,  c a l c u l a t e d  s t a n d a r d  
d e v i a t i o n s  and p e r  c en t  s t a n d a r d  d e v i a t i o n s  a re  g iven  in  Table  4. All 
o t h e r  d a t a  a re  th e  r e s u l t  o f  one a n a l y s i s  and a re  l i s t e d  in  th e  
append ix .
C o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  t o  o b t a i n  nu m er ica l  
v a lu e s  f o r  t h e  amount o f  a s s o c i a t i o n  between m eta ls  in  each c o re .
The d i s t r i b u t i o n  o f  m e ta l s  i n  c o re s  #1 and #3 show no c o r r e l a t i o n  a t  a 
0 .01 l e v e l  o f  s i g n i f i c a n c e .  Only Zn-Cu show p o s i t i v e  c o r r e l a t i o n  i n  
c o re  #2. Zn-Cu, Zn-Mn, and Cu-Mn a re  p o s i t i v e l y  c o r r e l a t e d  i n  core  
#7. A l l  m e ta l s  a r e  p o s i t i v e l y  c o r r e l a t e d  i n  c o re s  #4,  #5, and #6, 
e x c e p t  Cu-Mn i n  co re  #5 (Table  5 ) .
M a c r o i n v e r t e b r a t e s
The number o f  m a c r o i n v e r t e b r a t e s  p e r  l i t e r  in  samples d redged  
from t h e  C la rk  Fork and B lac k fo o t  R iv e r  impoundments d i d  n o t  v a ry  
s i g n i f i c a n t l y .  Both t h e  minimum number o f  organ isms (93 p e r  l i t e r )  
and maximum number (285 p e r  l i t e r )  were in  sed im en ts  from t h e  
impounded C lark  Fork R iv e r  CTable 6 ) .  The Wilcoxon Rank Sum T es t  was 
u sed  t o  d e te rm in e  i f  t h e r e  i s  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
i n  t h e  number o f  m a c r o i n v e r t e b r a t e s  between th e  two a re a s  o f  t h e  
impoundment. The n u l l  h y p o t h e s i s ,  t h a t  t h e r e  i s  no d i f f e r e n c e  in  th e  
number o f  m a c r o i n v e r t e b r a t e s  be tween t h e  a r e a s ,  cou ld  n o t  be r e j e c t e d  
s i n c e  t h e  p r o b a b i l i t y  v a lu e  (p) was 0 .2 7 4 .
The m a j o r i t y  o f  t h e  m a c r o i n v e r t e b r a t e s  i n  a l l  samples were 
O l i g o c h a e t a  and one s p e c i e s  o f  D ip te ra n  l a r v a e  (Chironomus (Chironomus) 
s p . ) .  Two o f  t h e  B la c k fo o t  R iv e r  samples and one o f  t h e  C la rk  Fork
Table 4
Concentrations of  Zn, Cu, Mn, and Fe, Mean Values, Standard 
Deviations and Per Cent Standard Deviations in Core #4
Depth from Depth from
Top of Core Zn Standard % Standard Top of Core Cu Standard % Standard
(cm) (yg/g) Mean Deviation Deviation (cm) (yg/g) Mean Deviation Deviation
5 611
609
610 1.4 0.2 5 240
205
223 24.8 11.1
IS 988
997
993 6.4 0.6 IS 539
508
524 21.9 4.2
25 1,578
1,540
1,559 26.9 1.7 25 767
743
755 17.0 2.2
35 940
957
949 12.0 1.3 35 421
508
465 61.5 13.2
45 405
377
391 19.8 5.0 45 60.1
49.6
55 7.4 13.5
55 293
314
304 14.8 4.9 55 49.6
49.8
50 0.1 0 .3
65 368
369
369 0.7 0.2 65 101
125
113 17.0 15.0
75 557
532
545 17.7 3.2 75 244
216
230 19.8 8.6
85 965
952
959 9.2 1.0 85 432
446
439 9.9 2.2
95 685
739
712 38.2 5.4 95 295
303
299 5.7 1.9
Table 4 (continued)
Depth from 
Top of Core 
(cm)
Mn
(yg/g) Mean
St andard 
Deviation
% Standard 
Deviation
Depth from 
Top of Core 
(cm)
Fe
(yg/g) Mean
Standard
Deviation
% Standard 
Deviation
5 90S
981
945 67.9 7.2 S 16,745
16,470
16,608 194.5 1.2
15 1,627
1,650
1,639 51.6 3.2 15 22,031
22,119
22,075 62.2 0.3
25 2,608
2,587
2,598 14.8 0.6 25 27,195
26,790
26,993 286.4 1.1
35 1,341
1,366
1,354 17.7 1,3 35 20,304
20,462
20,383 111.7 0.6
45 516
525
521 6.4 1.2 45 13,058
12,379
12,719 480.1 3.8
55 372
368
370 2,8 0,8 55 10,727
10,542
10,635 130.8 1.2
65 458
434
446 17.0 3,8 65 11,120
11,130
11,125 7.1 0.1
75 938
845
892 65.8 7.4 75 17,064
15,993
16,529 757.3 2.8
85 1,477
1,542
1,510 46.0 3.0 85 22,408
22,226
22,317 128.7 0.6
95 875
949
912 52.3 5.7 95 18,871
19,453
19,162 411.5 2.2
ts j
Table 5
C orre la t ion  C o e f f ic ie n t s  (r)  Resul t ing  from Comparing 
Metal V ar ia t ion  Within Sediment Cores
S ig n i f ic a n t  r  values are underl ined .
Core
#
Number 
o f  Segments
(n)
Sign if icance
Level
0.01
Zn-Cu
r
Zn-Mn
r
Zn-Fe
r
Cu-Mn
r
Cu-Fe
r
Mn-Fe
r
1 5 0.959 0.546 -0.319 -0.234 0.511 0.310 0.893
2 10 0.765 0.923 0.278 0.590 0.383 0.248 -0.734
3 6 0.917 0.419 -0.079 -0.607 -0.609 -0.280 0.755
4 10 0.765 0.989 0.992 0.968 0.981 0.970 0.958
5 9 0.798 0.807 0.964 0.983 0.694 0.806 0.926
6 12 0.708 0.935 0.921 0.894 0.941 0.892 0.863
7 5 0.959 0.990 0.995 0.780 0.992 0.809 0.829
t/4
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Table  6
Number o f  M a c r o in v e r t e b r a t e s  p e r  L i t e r  
in  Sediment Samples
P o r t i o n  o f  R e s e r v o i r Sample #
M a c r o i n v e r t e b r a t e s  
p e r  L i t e r
B la c k fo o t  R iv e r 1 212
2 111
3 112
4 106
5 170
C lark  Fork R iv e r 1 144
2 187
3 285
4 93
5 209
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R iv e r  samples  c o n ta in e d  a few clams (P i s id iu m  id;il\oonso) - - o n e  in each 
o f  a C lark  Fork and a B lac k fo o t  sample and t h r e e  in  a n o th e r  B lac k fo o t  
s a m p le .
C hapte r  V 
DISCUSSION
The d i s t r i b u t i o n  o f  heavy metal  c o n c e n t r a t i o n  in  th e  sediment  
c o re s  from th e  C lark  Fork R iver  impoundment o f  Milltown r e s e r v o i r  
i n d i c a t e s  t h a t  heavy m e ta l s  have been d e p o s i t e d  a t  v a ry in g  r a t e s .
There  i s  no v i s i b l e  s t r a t i f i c a t i o n  in  t h e  c o re s  and th e  s e d i m e n ta t io n  
r a t e  i s  n o t  known, so th e  segments o f  t h e  c o re s  cannot  be c o r r e l a t e d  
w i th  t im e .  An a c c u r a t e  comparison o f  co re  dep th  w i th  t im e  would n o t  
be p o s s i b l e  even i f  a  s e d i m e n ta t io n  r a t e  were known b ecause  t h e  dam 
i s  p e r i o d i c a l l y  f l u s h e d .  The c o re s  a r e  o f  s u f f i c i e n t  l e n g t h ,  
however ,  t o  i n s u r e  t h a t  t h e y  c o n t a i n  a t  l e a s t  more t h a n  one y e a r ' s  
p r o f i l e  o f  sed im en t  d e p o s i t i o n .
The c o re  t a k e n  f a r t h e s t  u p s t re am  in  t h e  C la rk  Fork R iv e r  (#3) 
has  t h e  low e s t  l e v e l  o f  heavy m eta l  c o n c e n t r a t i o n .  The r i v e r  s l o p e  
and v e l o c i t y  a r e  g r e a t e s t  h e re  and s c o u r i n g  a c t i o n  i s  o b v io u s .  As a 
r e s u l t  t h e  p a r t i c u l a t e  m a t t e r  which s e t t l e s  o u t  i s  c o a r s e r  t h a n  the  
m a t t e r  which s e t t l e s  i n  t h e  impoundment p r o p e r .  C la y -m in e ra l s  adsorb  
heavy m e ta l s  and t h e r e f o r e  a r e  e f f e c t i v e  i n  c o n c e n t r a t i n g  heavy m e ta l s  
i n  se d im e n t .  Heavy m e ta l s  a r e  a l s o  e f f e c t i v e l y  t a k e n  ou t  o f  
s u s p e n s io n  by c h e l a t i o n  w i th  o r g a n i c  m a t t e r  (Reynolds and Thompson, 
1975) .  With h i g h e r  s t r e a m  v e l o c i t y ,  c l a y - m i n e r a l s  and o r g a n i c  m a t t e r  
s e t t l e  l e s s  r e a d i l y  a t  s i t e  #3 th a n  f a r t h e r  downstream. The sed im en ts  
i n  c o re  #3 would be e x p e c te d  t o  c o n ta in  a low er  c o n c e n t r a t i o n  o f  
heavy m e t a l s .
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The s i t e s  o f  c o re s  #4 and #5 a re  in  c lo s e  p r o x im i ty  and p a r t i c ­
u l a t e  m a t t e r  o f  s i m i l a r  s i z e  and com pos i t ion  would be e x p e c te d .  Tlie 
ran g e  i n  m eta l  c o n c e n t r a t i o n  f o r  t h e  two c o re s  i s  s i m i l a r ,  b u t  th e  
d i s t r i b u t i o n  o f  heavy m eta l  c o n c e n t r a t i o n  in  c o re  #4 shows peaks o f  
m e ta l  c o n c e n t r a t i o n  a t  25 cm and 85 cm from th e  t o p ,  w h e re a s ,  core  
#5 has  o n ly  one peak a t  a  dep th  o f  40 cm. The f i r s t  peak o f  m eta l  
c o n c e n t r a t i o n  i n  co re  #5 c o u ld  be a t  a g r e a t e r  dep th  t h a n  t h e  f i r s t  
peak i n  c o re  #4 b eca u se  o f  a d i f f e r e n c e  i n  s e d im e n ta t io n  r a t e s .  A 
second  peak o f  m e ta l  c o n c e n t r a t i o n  i s  n o t  p r e s e n t  in  co re  #5, as in
co re  #4, s i n c e  c o re  #5 was n o t  d r i l l e d  deep enough t o  c o n ta in  t h e
second  peak .
The f i r s t  peak  o f  h ig h  m eta l  c o n c e n t r a t i o n  i n  c o re  #6, which was 
d r i l l e d  n e a r  t h e  dam, c o r re sp o n d s  in  dep th  w i th  t h e  f i r s t  peak  i n  
co re  #4. The second peak i n  c o re  #6 o c cu rs  a t  a l e s s e r  dep th  t h a n  in
c o re  #4. The d i f f e r e n c e s  may be caused  by e i t h e r  a v a r i a t i o n  in
s e d i m e n t a t i o n  r a t e s  a t  t h e  two s i t e s ,  o r  a  v a r i a t i o n  i n  t h e  compaction 
o f  t h e  sed im en t  when th e  c o re s  were t a k e n .
The absence  o f  peaks  i n  c o re  #7 may have been  caused  by f l u s h i n g s  
o f  th e  impoundment. The w a te r  dep th  a t  t h i s  s i t e  i s  ap p ro x im a te ly  3 
m e te r s  g r e a t e r  t h a n  a t  co re  #6,  i n d i c a t i n g  t h a t  t h e  s u b s t r a t e  i s  
f l u s h e d  o f  more sed im ent  d u r in g  h ig h  w a te r  o r  a drawdown o f  th e  
r e s e r v o i r .
Cores from impounded p o r t i o n s  o f  t h e  B lac k fo o t  R iv e r  (#1 and #2] 
were d r i l l e d  t o  o b t a i n  v a lu e s  o f  heavy m eta l  c o n c e n t r a t i o n  f o r  
com par ison  w i th  v a lu e s  i n  se d im e n ts  from t h e  C la rk  Fork impoundment. 
Sed im ents  from t h e  B lac k fo o t  where i t  r e c e i v e s  no C lark  Fork w a te r
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(*1) c o n t a i n  a lower  ave rag e  c o n c e n t r a t i o n  o f  Cu, Zn, and Mn th a n  t h e  
C la rk  Fork R iv e r  c o r e s ,  excep t  f o r  core  #3 where s c o u r in g  o c c u r s .
Core #1 c o n t a i n s  a h i g h e r  l e v e l  o f  metal  c o n c e n t r a t i o n  than  core  #3 
b e c a u se  i t  i s  n o t  sco u red  and c o n s i s t s  o f  a g r e a t e r  p r o p o r t i o n  o f  
c l a y - m i n e r a l  and o r g a n i c  m a t t e r .  The l e v e l  o f  Fe c o n c e n t r a t i o n ,  
however ,  i s  comparable  t o  t h e  l e v e l s  found i n  t h e  Clark  Fork R iver  
c o r e s .  The l i m i t e d  v a r i a t i o n  o f  m e ta l  c o n c e n t r a t i o n  a t  d i f f e r e n t  
d ep ths  i n  c o re  #1, i n d i c a t e s  t h a t  n a t u r a l  s e a s o n a l  v a r i a t i o n s  in  
sed im ent  d e p o s i t i o n  do n o t  cause  an a p p r e c i a b l e  change i n  t h e  heavy 
m eta l  c o n te n t  o f  t h e  se d im e n t .  The d e p o s i t i o n  remains f a i r l y  
c o n s t a n t .
The s i t e  o f  c o re  #2 i s  l o c a t e d  n e a r  a meander from th e  C lark  
Fork R iv e r  and r e c e i v e s  C lark  Fork f l o o d  w a t e r .  I t  c o n se q u e n t ly  
c o n ta in s  h ig h  c o n c e n t r a t i o n s  o f  m e t a l s .  The peaks o f  h igh  Zn and Cu 
c o n c e n t r a t i o n s  a t  15 cm and 45 cm c o r re sp o n d  t o  t h e  peaks  i n  two co re s  
from t h e  C la rk  Fork (#4 and #6) .  Again ,  as i n  c o re s  #4 and #6, t h e  
l e v e l  o f  m e ta l  c o n c e n t r a t i o n  i s  g r e a t e r  in  t h e  f i r s t  peak th a n  i n  t h e  
second peak .  The l e v e l  o f  Mn c o n c e n t r a t i o n  i s  low in  co re  #2 as 
compared t o  t h e  o t h e r  c o re s  w i th  h ig h  l e v e l s  o f  m e ta l s .  Mn i s  l e s s  
r e a d i l y  ad so rb ed  by  c l a y - m i n e r a l s  th an  Zn and Cu ( L a i t i n e n  and 
M e t c a l f ,  1971) ,  and th u s  would n o t  be t r a n s p o r t e d  v i a  t h e  meander and 
d e p o s i t e d  a t  t h e  s i t e  o f  co re  #2 as r e a d i l y  as Zn and Cu.
Peaks o f  h ig h  m e ta l  c o n c e n t r a t i o n s  do n o t  o c cu r  a t  e x a c t l y  th e  
same d i s t a n c e  from t h e  t o p  o f  a l l  t h e  c o r e s .  V a r i a t i o n s  i n  th e  
p o s i t i o n s  o f  t h e  peaks  c o u ld  be caused  by a v a r i e t y  o f  r e a s o n s .  
D e p o s i t io n  o f  se d im en ts  depends upon th e  p r e s e n c e  o f  l o c a l i z e d
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c u r r e n t s  o r  e d d i e s ,  so  s e d i m e n ta t io n  r a t e s  can va ry  s i g n i f i c a n t l y  
even f o r  c l o s e l y  a d j o i n i n g  a r e a s .  A lso ,  t h e  compaction o f  t h e  sed iment  
i n  t h e  c o re s  co u ld  va ry  a p p r e c i a b l y .
In comparison  t o  o t h e r  s t u d i e s  o f  heavy m eta l  c o n c e n t r a t i o n s  in  
se d im e n t ,  t h e  sed im ent  in  t h e  Mil l town r e s e r v o i r  c o n ta in s  h ig h  l e v e l s .  
Lake Mendota, W isco n s in ,  a h a rd w a te r  e u t r o p h i c  l a k e ,  r e c e i v e s  w as tes  
from i n d u s t r y ,  u rban  r u n o f f ,  and a g r i c u l t u r a l  l a n d s .  C o n c e n t r a t io n  
o f  Cu i n  t h e  l ak e  sed im en ts  ranged  from 13-36 y g /g ,  Zn from 15-101 
y g /g ,  Mn from 640-1500 y g /g ,  and Fe from 16 ,00 0 -2 6 ,7 0 0  yg /g  ( I s k a n d a r  
and Keeney, 1974) .  A l l  b u t  c o re s  #1 and #3 have s i g n i f i c a n t l y  h i g h e r  
c o n c e n t r a t i o n s  o f  Cu, Zn, and Mn t h a n  Lake Mendota. Two o t h e r  
e u t r o p h i c  l a k e s  i n  W iscons in  which d r a i n  l a r g e l y  f o r e s t e d  a re a s  and 
do n o t  r e c e i v e  any u rban  o r  i n d u s t r i a l  w as te s  have  Cu c o n c e n t r a t i o n s  
r a n g in g  from 7-34 yg /g  and Zn from 44-165 yg /g .  These v a lu e s  a re  
comparable  t o  t h o s e  o f  c o re s  #1 from t h e  B lac k fo o t  R iv e r  and #3 from 
u ps t re am  i n  t h e  C lark  Fork R iv e r ,  and a re  s i g n i f i c a n t l y  l e s s  than  f o r  
a l l  o t h e r  c o r e s .  Analyses  were n o t  made on t h e s e  l ak e  sed im en ts  f o r  
Fe and Mn.
The I l l i n o i s  R iv e r  r e c e i v e s  d o m es t ic  and i n d u s t r i a l  w as te s  from 
Chicago and o t h e r  c i t i e s  l o c a t e d  a lo n g  i t s  s h o r e s .  Heavy metal  v a lu e s  
i n  se d im e n ts  from t h i s  r i v e r  were compared t o  v a lu e s  from t h r e e  non­
i n d u s t r i a l i z e d  s t r e a m s .  Cu ranged  from 1-82 yg/g i n  t h e  I l l i n o i s  R iver  
and from 3 .5 - 1 1 .2  yg /g  i n  t h e  n o n - i n d u s t r i a l i z e d  s t r e a m s .  Zn ranged  
from 6-339 yg /g  i n  t h e  I l l i n o i s  R iv e r  sed im en ts  and from 18-41 yg/g  
i n  t h e  n o n - i n d u s t r i a l i z e d  s t ream s  (Mathis  and Cummings, 1973). Again
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t h e s e  c o n c e n t r a t i o n s  a r e  much lower t h a n  th e  c o n c e n t r a t i o n s  o f  Cu and 
Zn g e n e r a l l y  found i n  Mil l town r e s e r v o i r .
The c o n c e n t r a t i o n  o f  m e ta l s  in  some o f  t h e  sed im en ts  a re  a l s o  
s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  mean v a lu e s  o f  m eta l  c o n c e n t r a t i o n  in  
s o i l s  (Bowen, 1966) .  Mean c o n c e n t r a t i o n  o f  Cu in  s o i l s  i s  20 pg /g .  
Cores #1 and #3 a re  t h e  on ly  two c o re s  which have s i m i l a r  Cu concen­
t r a t i o n s .  Mean c o n c e n t r a t i o n  o f  Mn i s  850 p g /g ,  which i s  l e s s  th an  
t h e  ave rag e  l e v e l s  o f  Mn in  c o re s  #4, #5, #6, and #7. For Fe in  s o i l  
th e  mean c o n c e n t r a t i o n  i s  38,000 pg /g .  The c o n c e n t r a t i o n  o f  Fe i n  
a l l  t h e  c o re s  i s  lower  t h a n  t h i s  v a l u e ,  e x ce p t  i n  core  #7. The s o i l  
c o n c e n t r a t i o n  o f  Zn has  a  mean o f  50 pg /g .  Only core  #3 has  Zn 
a p p ro a ch in g  such low c o n c e n t r a t i o n .
Comparison o f  d a t a  on heavy m e ta l s  from l a k e s , r i v e r s ,  and s o i l s  
w i th  s e d im e n ts  from M il l town r e s e r v o i r  can o n ly  g ive  an i d e a  as t o  how 
r e l a t i v e l y  h ig h  t h e s e  c o n c e n t r a t i o n s  a r e .  Heavy m e ta l s  can c o n c e n t r a t e  
from u p s t r e a m  p o l l u t i o n  and from n a t u r a l  geoch em is t ry  o f  t h e  d r a in a g e  
b a s i n .  I t  can va ry  w i th  t h e  h yd ro logy  o f  t h e  r e g i o n ,  c l i m a t e ,  and 
o t h e r  n a t u r a l  c o n d i t i o n s .  In  n a t u r a l  c o n d i t i o n s ,  however ,  t h e  
d e p o s i t i o n  o f  m e ta l s  i s  f a i r l y  c o n s t a n t .
Gross peaks  and d e p r e s s io n s  o f  m eta l  c o n c e n t r a t i o n  i n  Mil l town 
r e s e r v o i r  a r e  p r o b a b ly  caused  by v a r i a t i o n s  i n  m eta l  loads  r e l e a s e d  
from i n d u s t r i a l  o p e r a t i o n s  in  B u t te  and Anaconda. The t o t a l  m eta l  
lo ad  r e c e i v e d  by t h e  C la rk  Fork R iv e r ,  j u s t  below t h e  Anaconda s e t t l i n g  
ponds a t  Warm S p r i n g s ,  was tw ic e  as l a r g e  as t h e  metal  lo ad  r e l e a s e d  
from t h e  s e t t l i n g  pond sy s te m ,  as c a l c u l a t e d  by t h e  Water Q u a l i t y  
Bureau f o r  t h e  y e a r  1974 (Table  7) (Casne and B o tz ,  1975). Groundwater
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seepage  from t h e  s e t t l i n g  ponds i s  a p p a r e n t l y  t h e  r e a so n  f o r  t h e  
d i f f e r e n c e  in  l o a d s .  T h e r e f o r e ,  t h e  Clark  Fork River  i s  r e c e i v i n g  
s i g n i f i c a n t  amounts o f  heavy m e ta l s  from pond se e p a g e ,  even when w a te r  
i s  n o t  r e l e a s e d  from th e  ponds.
Tab le  7
T o ta l  Zn, Cu, and Fe Loads D ischarged  from 
Warm S p r in g s  Pond and Received 
by C la rk  Fork R iv e r ,  1974
Zn Cu
(pounds p e r  y e a r )
Fe
Warm S p r in g s
Pond D ischarge 22,200 15,100 55,000
C lark  Fork R iv e r 57,000 27,000 116,000
I n d u s t r i a l  and mining w as te s  r e l e a s e d  i n t o  th e  C lark  Fork R iver  
below t h e  ponds a re  l im ed and form m e t a l l i c  h y d ro x id es  t h a t  p r e c i p i ­
t a t e  o u t  o f  s o l u t i o n  (EPA, 1971) .  The m e t a l s ,  which do n o t  p r e c i p i ­
t a t e ,  can be k e p t  in  s o l u t i o n  by a d s o r p t io n  on c l a y - m i n e r a l s  and 
c h e l a t i o n  w i th  o r g a n i c  m a t t e r .  Cu and Zn a re  r e a d i l y  adso rbed  by 
c l a y - m i n e r a l s  and a re  d i f f i c u l t  t o  d i s p l a c e  ( L a i t i n e n  and M e t c a l f ,  
1971) .  A c h e l a t e  i s  composed o f  an o r g a n i c  compound ( c h e l a t i n g  agen t )  
combined w i t h  c e r t a i n  m e t a l l i c  c a t i o n s ,  i n c l u d i n g  Zn, Cu, F e , and Mn. 
The c a t i o n - c h e l a t i n g  agen t  com bina t ions  a re  no t  as s u b j e c t  to  
p r e c i p i t a t i o n  as i n s o l u b l e  h yd ro x id es  and can be c a r r i e d  more r e a d i l y  
downstream (Brady ,  1974) .  S ince  th e  C lark  Fork R iver  i s  f r e e - f l o w i n g  
u n t i l  t h e  M il l tow n Dam i s  r e a c h e d ,  l a r g e  amounts o f  m e ta l s  adsorbed  
t o  t h e  c l a y - m i n e r a l s  and c h e l a t e d  by o r g a n i c  m a t t e r  s e t t l e  ou t  in  t h e  
r e s e r v o i r .  The low l e v e l s  o f  m e ta l  c o n c e n t r a t i o n s  i n  core  #3, where
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s c o u r i n g  o c c u r s ,  i n d i c a t e s  t h a t  h igh  w a te r  v e l o c i t y  would p r e v e n t  
l a r g e  amounts o f  heavy m e ta l s  t o  accumulate  in  t h e  Clark  Fork River  
above t h e  impoundment.
The d i s t r i b u t i o n s  o f  Zn, Cu, Mn, and Fe a re  c l o s e l y  r e l a t e d  to  
each o t h e r  th ro u g h o u t  t h e  l e n g t h  o f  c o re s  #4,  #5, #6, and #7, as 
shown by t h e  c a l c u l a t e d  c o r r e l a t i o n  c o e f f i c i e n t s .  S ince  t h e  Warm 
S p r in g s  s e t t l i n g  ponds r e l e a s e  h ig h  c o n c e n t r a t i o n s  o f  a l l  t h e s e  m e t a l s ,  
t h i s  c lo s e  r e l a t i o n s h i p  among m eta l  d i s t r i b u t i o n s  i n  t h e  sed im en ts  i s  
e x p e c te d .  Fe i s  r e l e a s e d  i n  t h e  h i g h e s t  c o n c e n t r a t i o n s  from th e  
s e t t l i n g  p o n d s ,  fo l lo w ed  by Zn and then  Cu (Table  6 ) .  This  co rre sp o n d s  
w i th  t h e  o r d e r  o f  m eta l  c o n c e n t r a t i o n s  i n  t h e  c o re s .  The l a c k  o f  any 
s i g n i f i c a n t  c o r r e l a t i o n  between meta l  c o n c e n t r a t i o n s  in  co re s  #1 and 
#3 i n d i c a t e s  t h a t  t h e s e  a r e a s  a re  n o t  b e in g  i n f l u e n c e d  by p e r i o d i c  
changes o f  m eta l  c o n c e n t r a t i o n  i n  t h e  o v e r l y i n g  w a te r .  S ince  s i t e  #1 
r e c e i v e s  o n ly  w a te r  from t h e  B lac k fo o t  R iv e r ,  co re  #1 c o n ta in s  a 
r e l a t i v e l y  c o n s t a n t  amount o f  heavy m e t a l s .  Scour ing  a c t i o n  p r e v e n t s  
t h e  s e t t l i n g  o f  th e  f i n e  p a r t i c u l a t e  m a t t e r  a t  s i t e  #3.
The peaks  o f  m e ta l  c o n c e n t r a t i o n  i n  th e  co re s  co u ld  have been  
caused  by abnorm al ly  h ig h  r e l e a s e s  o f  metal  l o ad s  from t h e  Warm S p r in g s  
s e t t l i n g  p onds .  In 1967, d u r in g  t h e  f i r s t  few days o f  a s t r i k e  by th e  
l a b o r  u n ion s  a g a i n s t  th e  Anaconda Company, t h e  w aste  w a te r s  f low ing  
f rom t h e  s e t t l i n g  ponds were n o t  l imed c a u s in g  th e  Clark  Fork R iver  t o  
run  r e d .  In 1970 i r o n  c o n c e n t r a t i o n s  r e p o r t e d l y  as h igh  as 300,000 ppm 
were dumped i n t o  t h e  r i v e r  d u r in g  a breakdown o f  t h e  company's t r e a t ­
ment sy s te m  (EPA, 1971) .  High winds i n  th e  a r e a  have a l s o  caused  th e  
r e l e a s e  o f  w as te  w a te r s  from t h e  s e t t l i n g  ponds.
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In c o n t r a s t ,  t h e  B la c k fo o t  R iv e r  r e c e i v e s  a r e l a t i v e l y  c o n s t a n t  
lo a d  o f  heavy  m e t a l s .  There a re  no major  mining o r  s m e l t i n g  o p e r a t i o n s  
i n  t h e  d r a i n a g e .  In t h e  extreme h eadw ate rs  o f  t h e  d r a in a g e  h igh 
c o n c e n t r a t i o n s  o f  m e ta l s  e n t e r  t h e  r i v e r  from abandoned t u n n e l s  and 
t a i l i n g s  i n  t h e  H edd les ton  mining a re a .  Chemical su rveys  were made i n  
1972 and 1973 by th e  Anaconda Company t o  de te rm in e  t h e  e x t e n t  o f  a c id  
mine seepage  from t h e s e  mine t u n n e l s  and t a i l i n g s .  Acid mine seepage 
from th e  Mike Horse t u n n e l  c o n ta in e d  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  t o t a l  
r e c o v e r a b l e  m e t a l s .  The c o n c e n t r a t i o n  o f  Zn was 52 mg/1, Mn 26 .6  
mg/1, Fe 20 mg/1, and Cu 1 .45 mg/1. The sediment  a n a l y s i s  o f  core  #1, 
t a k e n  from t h e  B lac k fo o t  R iv e r ,  showed Fe in  th e  h i g h e s t  c o n c e n t r a t i o n ,  
fo l lo w ed  by Zn, Mn, and Cu. Except f o r  Fe,  t h i s  c o r r e l a t e s  w i th  th e  
o r d e r  o f  c o n c e n t r a t i o n s  i n  t h e  a c i d  mine seep a g e .  Analyses  o f  w a te r  
from s t re am s  u n a f f e c t e d  by p a s t  mining a c t i v i t i e s  i n  t h e  B lac k fo o t  
R iv e r  d r a i n a g e  have shown h ig h  c o n c e n t r a t i o n s  o f  Fe,  b u t  m ost ly  
u n d e t e c t a b l e  l e v e l s  o f  Zn, Cu, and Mn. Thus, t h e  o c c u r re n c e  o f  h ig h  
i r o n  l e v e l s  may be due t o  n a t u r a l  so u rc e s  (Spence,  1975).
In  Jun e  1975, a f t e r  o u r  co re s  were t a k e n ,  snowmelt r u n o f f  p lu s  
heavy p r e c i p i t a t i o n  f i l l e d  t h e  Mike Horse t a i l i n g s  pond,  o v e r to p p e d  
t h e  dam and washed ou t  an abutm ent .  Delays i n  r e p a i r s  r e s u l t e d  in  
r u n o f f  w a t e r s  c a r r y i n g  l a r g e  amounts o f  t a i l i n g s  from t h e  pond i n t o  
t h e  B la c k f o o t  R iv e r  f o r  n in e  days .  I t  i s  e x p e c te d  t h a t  t h i s  washout 
would cause  a sh a rp  peak i n  m eta l  c o n c e n t r a t i o n s  t o  o c c u r  i n  subseq uen t
c o re s  from t h e  B la c k f o o t .
Except f o r  t h e  r a r e  o c c u r re n c e  o f  a s p e c i e s  o f  clam (P is id iu m  
i d a h o e n s e ) ,  a form r e s i s t a n t  t o  sm o the r in g  in  s i l t ,  t h e  on ly
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macroi n v e r t e b r a t e s  p r e s e n t  i n  sed im en ts  o f  th e  Mil l town impoundment 
a r e  o l i g o c h a e t e s  and midge l a r v a e .  Both t h e s e  organisms a re  
c o n s i d e r e d  t o  be p o l l u t i o n  t o l e r a n t .  They have an abundance o f  
hemoglobin  which makes them e f f i c i e n t  i n  o b t a i n i n g  oxygen a t  low 
c o n c e n t r a t i o n s  (Howmiller  and B eeton ,  1971).  The sed im en ts  o f  t h e  
impoundment form a deep l a y e r  o f  s lu d g e  h ig h  in  o r g a n i c  m a t t e r  a n d , 
c o n s e q u e n t ly ,  must be low i n  oxygen.  S ince  b o th  th e  B lack foo t  and 
C la rk  Fork p o r t i o n s  o f  t h e  impoundment su p p o r t  s i m i l a r  p o p u l a t i o n s  o f  
o r g a n i s m s ,  t h e  s p a r s i t y  o f  s p e c i e s  and v a r i a t i o n s  i n  numbers a re  most 
l i k e l y  caused  by t h e  t h i c k n e s s  o f  t h e  ooze and d e p l e t e d  oxygen r a t h e r  
t h a n  by h ig h  m e ta l  c o n t e n t .
T h is  s tu d y  conc ludes  t h a t  Mil l town r e s e r v o i r  i s  and w i l l  c o n t in u e  
t o  be a c a t c h  b a s i n  f o r  heavy m e t a l s .  The h igh  l e v e l s  o f  m e ta l s  in  
t h e s e  se d im e n ts  a r e  a t h r e a t  to  downstream o rgan ism s .  When a drawdown 
o f  t h e  w a te r s  b e h in d  th e  dam o c c u r s ,  such as in  March 1971, sed im en ts  
l a d e n  w i th  heavy m e ta l s  a r e  washed downstream r e s u l t i n g  i n  f i s h  k i l l s  
f o r  s e v e r a l  m i l e s .  These sed im en ts  may a l s o  cause  lo n g - te rm  s u p p r e s s io n  
o f  a q u a t i c  l i f e  in  t h e  C la rk  Fork R iv e r  below t h e  dam by p r e c i p i t a t i o n  
o f  m e t a l s .  Immature a q u a t i c  i n s e c t s  accumulate  m eta ls  in  t h e i r  t i s s u e s  
th ro u g h  d i r e c t  c o n t a c t  o r  i n g e s t i o n  o f  food e x i s t i n g  on th e  m e t a l ­
l a d e n  s u b s t r a t e  [Mathis  and Cummings, 1973).  D i r e c t  m o r t a l i t y  o f  
s e n s i t i v e  forms o r  egg m o r t a l i t y  d u r in g  r e p r o d u c t io n  can r e s u l t .
E l e v a t e d  l e v e l s  o f  m e ta l s  i n  sed im en ts  a l s o  may be adsorbed  by f i s h  
eggs d e p o s i t e d  d u r in g  spawning,  r e s u l t i n g  i n  i n c r e a s e d  m o r t a l i t y .
The accu m u la t io n  o f  heavy m e ta l s  b eh in d  Mil l town Dam s e r v e s  as 
an e x c e l l e n t  example o f  t h e  a b i l i t y  o f  impoundments t o  accumulate
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t o x i c  m a t e r i a l s  from d i s t a n t  u ps t ream  p o l l u t i o n  s o u r c e s .  Any f u t u r e  
p l a n s  t h e  Montana Power Company may liave f o r  drawdowns o f  t h e  w a te rs  
b e h in d  t h e  dam o r  abandonment o f  t h e  dam sh ou ld  i n c lu d e  p r e c a u t i o n s  
a g a i n s t  t h e  r e l e a s e  o f  l a r g e  amounts o f  sed im ent  downstream. O the r  
o p e r a t i n g  o r  p ro p o se d  impoundments, w he ther  f o r  h y d r o e l e c t r i c  p u rpo ses  
o r  f o r  r e t e n t i o n  o f  w a t e r  in  f o s s i l  f u e l  o p e r a t i o n s ,  have o r  w i l l  have 
s i m i l a r  p ro b lem s .  These c a t c h  b a s i n s  f o r  p o l l u t a n t s  p o s s e s s  p o t e n t i a l  
d an gers  t o  th e  e n v i r o n m e n t .
Chapte r  VI 
SUMMARY
The impoundment formed by Mil l town Dam, l o c a t e d  n e a r  Bonner,  
Montana,  a t  t h e  c o n f lu e n c e  o f  th e  Clark Fork and B lack foo t  R iv e r s ,  
has  been  a c a t c h  b a s i n  f o r  heavy m eta l  p o l l u t a n t s  s i n c e  t h e  c o n s t r u c ­
t i o n  o f  t h e  dam i n  1906. The C lark  Fork R iver  o r i g i n a t e s  in  t h e  
But t e -Anaconda a r e a  and has  been  r e c e i v i n g  w as tes  from th e  B u t te  
mines and Anaconda Copper Mining Company s m e l t e r  s i n c e  mining began 
i n  t h e  1860 ' s  and s m e l t i n g  in  1883. P r i o r  t o  t h e  c o n s t r u c t i o n  o f  a 
s e r i e s  o f  s e t t l i n g  ponds n e a r  Warm S p r in g s  d u r in g  t h e  1950 ' s  and 
1960’s ,  t h e  m in e - m i l l  w a s te s  from t h e  But te-Anaconda a r e a  s e v e r e l y  
p o l l u t e d  t h e  C lark  Fork R iv e r  some 95 m i le s  downstream. Since  t h e  
o p e r a t i o n  o f  t h e  s e t t l i n g  ponds t h e  r i v e r  has  g r a d u a l ly  r e c o v e re d  
S u f f i c i e n t l y  t o  p r o v i d e  good f i s h i n g  as f a r  ups t ream  as D e e r lo d g e .
Water  r e c e i v e d  by Mil l town r e s e r v o i r  from th e  B lack foo t  R iver  
i s  p r i s t i n e  compared t o  t h a t  r e c e i v e d  from t h e  C lark  Fork R iver .  
P r e s e n t l y  t h e r e  a re  no dams o r  i n d u s t r i e s  on t h e  B lac k fo o t  R iver  
u n t i l  Bonner i s  r ea ch e d  where a sawmill  i s  o p e r a t e d .  In t h e  extreme 
h e a d w a t e r s ,  however ,  a c i d  mine d r a in a g e  from p a s t  mine t a i l i n g s  has 
lowered  w a t e r  q u a l i t y  f o r  f i v e  t o  t e n  m i l e s .
In J u l y  1974 e i g h t  core  samples were t a k e n  o f  sed im en ts  in  
M il l town r e s e r v o i r .  Seven o f  t h e  co re s  were a n a ly zed  a t  5-10 cm 
i n t e r v a l s  f o r  c o n c e n t r a t i o n  o f  heavy m e ta l s  u s in g  an a tomic  a b s o r p t io n  
s p e c t r o p h o t o m e t e r .  The c h i e f  m eta l  c o n c e n t r a t i o n s  measured were Zn, 
Cu, Mn, and Fe. One c o re  was l e f t  i n t a c t  f o r  exam ina t ion  o f  l a y e r i n g
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o f  s e d im e n t .  Five o f  t h e  c o re s  ana lyzed  were from th e  Clark  Fork 
R ive r  p o r t i o n  o f  t h e  impoundment and two were from th e  B lackfoo t  
R iv e r .  One o f  t h e  B la c k fo o t  R iver  co res  was con tam ina ted  by sed im ents  
from a meander o f  th e  Clark  Fork R iver .
The co re  from f a r t h e s t  ups t ream  in  t h e  Clark  Fork R iver  has 
s i g n i f i c a n t l y  lower  c o n c e n t r a t i o n s  o f  heavy m e ta l s  th a n  the  o t h e r  
co re s  from t h e  C lark  Fork R iv e r .  High s t r e a m  v e l o c i t y  and s c o u r in g  
a c t i o n  a t  t h i s  s i t e  p r e v e n t  f i n e  p a r t i c u l a t e  m a t t e r  from s e t t l i n g ;  
t h u s  heavy m e ta l s  a dso rbed  t o  c l a y - m i n e r a l s  o r  c h e l a t e d  w i th  o r g a n ic  
m a t t e r  do n o t  c o l l e c t  u n t i l  t h e y  r ea ch  q u i e t  w a te r  f a r t h e r  downstream. 
Downstream c o r e s ,  i n c l u d i n g  t h e  co n tam ina ted  B lac k fo o t  R iver  c o re ,  
c o n ta in  h ig h  l e v e l s  o f  m e ta l s  and peaks  o f  h ig h  m eta l  c o n c e n t r a t i o n .  
C a l c u l a t e d  c o r r e l a t i o n  c o e f f i c i e n t s  show th e  peaks o f  Zn, Cu, Mn, 
and Fe t o  be  c l o s e l y  p a r a l l e l  th ro u g h o u t  t h e  l e n g th  o f  each c o re .
The peaks  o f  meta l  c o n c e n t r a t i o n  in  t h e  co re s  were un d oub ted ly  caused  
by uneven r e l e a s e s  o f  m eta l  loads  from th e  Warm Spr in gs  s e t t l i n g  
ponds .  In  t h e  p a s t ,  u n t r e a t e d  w as tes  have been r e l e a s e d  d u r in g  a 
l a b o r  un ion  s t r i k e ,  a  breakdown i n  t h e  w as te  t r e a t m e n t  sys tem ,  and 
h ig h  w inds .
The c o re  from t h e  s i t e  r e c e i v i n g  sed im en ts  e x c l u s i v e l y  from th e  
B la c k fo o t  R iv e r  c o n ta in s  s i g n i f i c a n t l y  lower  l e v e l s  o f  m eta ls  th an  
t h e  C lark  Fork R iv e r  c o re s  and narrow ranges  o f  metal  c o n c e n t r a t i o n s .  
In n a t u r a l  c o n d i t i o n s  th e  d e p o s i t i o n  o f  m eta ls  i s  f a i r l y  c o n s t a n t .  
S ea so n a l  l a y e r i n g  o f  sed im en ts  in  t h e  i n t a c t  co re  i s  no t  a p p a r e n t .
Recent s t u d i e s  o f  heavy m e ta l s  in  sed im en ts  i n d i c a t e  t h a t  t h e  
c o n c e n t r a t i o n  o f  m e ta l s  v a r i e s  a p p r e c i a b ly  from one a r e a  t o  a n o th e r .
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In r e c e n t l y  d e p o s i t e d  s e d im e n t s ,  however,  t h e  tendency  i s  toward  an 
a cc u m u la t io n  o f  heavy m e ta ls  in  l a k e s  and backw ate rs  o f  r i v e r s  t h a t  
have  been  r e c e i v i n g  w as te s  from i n d u s t r y  and urban  r u n o f f .  In 
comparison  w i th  t h e s e  s t u d i e s  th e  sediment  in  Mil l town r e s e r v o i r  
c o n ta in s  h ig h  l e v e l s  o f  Cu, Zn, and Mn. The l e v e l  o f  metal  c o n c e n t r a ­
t i o n  i n  t h e  C lark  Fork R iv e r  co res  ranges  from 293-7 ,907  yg/g f o r  Zn, 
5 0 -7 ,9 2 7  yg/g  f o r  Cu, and 368-2,890 yg/g  f o r  Mn. Values f o r  i r o n  
c o n c e n t r a t i o n  a re  comparable  t o  th o se  r e p o r t e d  in  o t h e r  s t u d i e s ,  
r a n g in g  from 1 0 ,54 0 -4 3 ,2 8 0  yg /g .
Except  f o r  t h e  r a r e  o c c u r re n c e  o f  a s p e c i e s  o f  clam r e s i s t a n t  to  
sm o th e r in g  i n  s i l t ,  d redge samples o f  th e  sed im en ts  from t h e  impound­
ment c o n ta in e d  o n ly  o l i g o c h a e t e s  and one s p e c i e s  o f  d i p t e r a n  l a r v a e .  
There i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  numbers and k inds  
o f  m a c r o i n t e r t e b r a t e s  between t h e  mouth o f  t h e  B lac k fo o t  R iv e r  and 
th e  C la rk  Fork impoundment. O l ig o c h a e te s  and d i p t e r a n s  a r e  c o n s id e re d  
p o l l u t i o n  t o l e r a n t  b eca u se  o f  t h e i r  a b i l i t y  t o  l i v e  in  o x y g e n -d e p le te d  
e n v i ro n m e n t s .  The s p a r s i t y  o f  s p e c i e s  in  t h e  samples i s  a t t r i b u t e d  
t o  t h e  low l e v e l  o f  oxygen i n  th e  sed im en ts  r e s u l t i n g  from decomposing 
o r g a n i c  m a t t e r ,  and n o t  n e c e s s a r i l y  t o  h ig h  l e v e l s  o f  heavy m e ta l s .
Because Mil l town r e s e r v o i r  i s  a c a t c h  b a s i n  f o r  heavy metal  
p o l l u t a n t s ,  h ig h  w a te r  and p u r p o s e f u l  f l u s h i n g  o f  th e  impoundment 
r e l e a s e  se d im en ts  which cause  f i s h  k i l l s  downstream. Long-term 
s u p p r e s s i o n  o f  a q u a t i c  l i f e  in  t h e  Clark  Fork R iver  below th e  dam 
a l s o  may r e s u l t  from t h e  p r e c i p i t a t i o n  o f  m e t a l s .  P lans  f o r  drawdown 
o f  t h e  impoundment o r  abandonment o f  th e  dam by th e  Montana Power
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Company sh o u ld  i n c l u d e  p r e c a u t i o n s  a g a i n s t  th e  r e l e a s e  o f  l a r g e  
amounts o f  s e d im en ts  downstream.
LITERATURE CITED
B i r g e ,  W. . J . and J .  J .  J u s t .  1975.  S e n s i t i v i t y  o f  v e r t e b r a t e  embryos
t o  heavy  m e t a l s  as a c r i t e r i o n  o f  wat et '  q u a l i t y .  I’h a s e  I I .
Water  Resources  Research  I n s t i t u t e  Res. Report No. 84.
U n i v e r s i t y  o f  Kentucky. L ex ing ton ,  Ky. 36 pp.
B o r t l e s o n ,  G. C. 1971. The chemical  i n v e s t i g a t i o n  o f  r e c e n t  l ak e  
se d im e n ts  from W isconsin  l a k e s  and t h e i r  i n t e r p r e t a t i o n .
Water  P o l l u t i o n  C ontro l  Research S e r i e s .  Environmenta l  
P r o t e c t i o n  Agency. W ashington,  D.C. 278 pp.
Bowen, H. J .  M. 1966. Trace  e lem en ts  i n  b i o c h e m i s t r y .  Academic
P r e s s .  New York. 241 pp.
Brady, N. C. 1974. The n a t u r e  and p r o p e r t i e s  o f  s o i l s .  MacMillan 
P u b l . C o . ,  In c .  New York. 639 pp.
Casne, E. W. and M. K. Botz. 1975. Water q u a l i t y  i n v e n t o r y  and
management p l a n  Upper C lark  Fork B as in ,  Montana: p r e l i m i n a r y
d r a f t .  Montana Water  Q u a l i t y  Bureau. H e lena ,  Mt. 148 pp.
Duodoroff ,  P. and M. Katz.  1953. C r i t i c a l  review o f  l i t e r a t u r e  on 
t h e  t o x i c i t y  o f  i n d u s t r i a l  w as te s  and t h e i r  components t o  f i s h .
I I .  The m e ta l s  as s a l t s .  Sewage and I n d u s t r i a l  Wastes 25:802-839
Environm enta l  P r o t e c t i o n  Agency. 1971. A w a te r  q u a l i t y  s tu d y  o f  th e  
Upper C lark  Fork R iv e r  and s e l e c t e d  t r i b u t a r i e s .  Region X.
H e lena ,  Mt. 32 pp.
How m il le r ,  R. P. and A. M. Beeton.  1971. B i o lo g i c a l  e v a l u a t i o n  o f  
e n v i ro n m e n ta l  q u a l i t y .  Green Bay, Lake Michigan. J o u r n a l  Water 
P o l l u t i o n  C on tro l  F e d e r a t i o n  43 :123-137 .
I s k a n d a r ,  I .  K. and D. R. Keeney. 1974. C o n c e n t r a t io n  o f  heavy m eta ls  
i n  sed im ent  co re s  from s e l e c t e d  Wisconsin  l a k e s .  Environmenta l  
S c ie n c e  and Technology 165-170.
L a i t i n e n ,  H. A. and R. L. M e tc a l f ,  e d s . 1971. Chemistry and b io lo g y
o f  t r a c e  e lem en ts  i n  t h e  env ironm ent .  U n i v e r s i t y  o f  I l l i n o i s .  
Urbana. 240 pp.
L e land ,  H. V. and N. F. Shimp. 1974. D i s t r i b u t i o n  o f  s e l e c t e d  t r a c e  
m e ta l s  i n  s o u th e r n  Lake Michigan and lower Green Bay. Water 
Resources  C e n te r  Res. Report  No. 84. U n i v e r s i t y  o f  I l l i n o i s .  
Urbana. 2 3 pp.
M ackere th ,  F. J . H. 1965. Chemical i n v e s t i g a t i o n  o f  l ak e  se d im e n ts .  
P ro c e e d in g s  o f  Royal S o c i e t y  o f  London S e r .  B 161 :295-304.
60
bl
Mandzak, J .  M. 1974. P r o g r e s s iv e  a c id  d i s s o l u t i o n  t e c h n iq u e :  A new
d i r e c t i o n  i n  t h e  s tu d y  o f  f o r e s t  s o i l s .  Unpubl ished  M a s t e r ' s  
t h e s i s .  U n i v e r s i t y  o f  Montana. M issou la .  244 pp.
Marcoux, R. G. 1971. Western Montana f i s h e r y  s tu d y .  Job p r o g r e s s  
r e p o r t .  Montana P r o j e c t  No. F-12-R-17. Job No. 1 -b .  Montana 
F ish  and Game D e p t . ,  F i s h e r i e s  Div. M issou la .  8 pp.
Mason, W. T . ,  J r .  1968. An i n t r o d u c t i o n  to  t h e  i d e n t i f i c a t i o n  o f
ch ironom id  l a r v a e .  U.S. Dept, o f  I n t e r i o r .  Washington,  D.C.
89 pp.
M a th i s ,  B. J .  and T. F. Cummings. 1973. S e l e c t e d  m eta ls  in  s e d im e n ts ,  
w a t e r ,  and b i o t a  in  t h e  I l l i n o i s  R ive r .  J o u r n a l  Water P o l l u t i o n  
C o n t ro l  F e d e r a t i o n  45 :1575-1585.
Montana S t a t e  Department o f  H e a l th .  L e t t e r  t o  C. W. Brinck from J .
Hawthorne d a te d  A p r i l  9 ,  1971, co nce rn in g  p o l l u t i o n  o f  th e  Clark  
Fork by t h e  Montana Power Company o p e r a t io n s  a t  t h e  Mil l town Dam.
Nore lco  Company. 1969. Uni cam atomic  a b s o r p t io n  methods.  Norelco 
Co. Mt. Vernon,  New York. 76 pp.
N u n a l l e e ,  D. and M. K. Botz.  1975. Water q u a l i t y  i n v e n to r y  and
management p l a n .  Lower C lark  Fork R iver  B as in ,  Montana: 
p r e l i m i n a r y  d r a f t .  Montana Water Q u a l i t y  Bureau. H e lena ,  Mt.
129 pp.
O l i v e r ,  B. G. 1973. Heavy m eta l  l e v e l s  o f  Ottawa and Rideau R iver  
s e d im e n t s .  Environm enta l  Sc ience  and Technology 155-137.
Reynolds ,  W. R. and D. A. Thompson. 1975. O ccurrence  and d i s t r i b u t i o n  
o f  c la y  m in e r a l s  and t r a c e  m e ta ls  in  the  bo t tom  sediment  o f  
B i lo x i  Bay, M i s s i s s i p p i .  Water Resources Research I n s t i t u t e ,  
M i s s i s s i p p i  S t a t e  U n i v e r s i t y ,  Miss. S t a t e ,  Miss. 41 pp.
R u d o l f s ,  W. , G. E. B a m e s , G. P. Edwards,  H. Henke l e k i  an ,  E. H urw itz ,
C. E. Ren, S. S t e i n b e r g ,  and W. F. Vaughan. 1950. Review o f  
l i t e r a t u r e  o f  t o x i c  m a t e r i a l s  a f f e c t i n g  sewage t r e a tm e n t  
p r o c e s s e s ,  s t r e a m s ,  and B.O.D. d e t e r m i n a t i o n s .  Sewage and 
I n d u s t r i a l  Wastes 2^:1157-1191 .
S h in n ,  L. D. 1971. A q u a l i t a t i v e  s tu d y  o f  t h e  r i f f l e  community 
i n s e c t s  i n  t h e  uppe r  C lark  Fork R iv e r ,  1969-70.  U n f in ish ed  
M a s t e r ' s  t h e s i s .  U n i v e r s i t y  o f  Montana. M issou la .  15 pp.
S y e r s ,  J .  K. , I .  K. I s k a n d a r ,  and D. R. Keeney. 1975. D i s t r i b u t i o n  
and background  l e v e l s  o f  mercury in  sediment  co re s  from s e l e c t e d  
W iscons in  l a k e s .  W ater ,  A i r ,  and S o i l  P o l l u t i o n  2^105-118.
6 2
Spence ,  L. E. , J r .  1975. Upper B lack foo t  R iver  s tu d y :  A premlnint^
i n v e n t o r y  o f  a q u a t i c  and w i l d l i f e  r e s o u r c e s .  P r e l im in a r y  d r a f t .  
Montana Dept, o f  F ish  and Game. Helena.  I l l  pp.
U s in g e r ,  Robert  L. ( e d . )  1973. A qua t ic  i n s e c t s  o f  C a l i f o r n i a .
U n i v e r s i t y  o f  C a l i f o r n i a  P r e s s .  B erke ley .  508 pp.
Van M e te r ,  W. P. 1974. Heavy metal  c o n c e n t r a t i o n  in  f i s h  t i s s u e  o f  
t h e  Upper C lark  Fork R iv e r .  Montana U n i v e r s i t y  J o i n t  Water 
Resources  Research  C en te r  Res. Report  No. 55. Bozeman. 36 pp.
W am ic k ,  S. L. and H. L. B e l l .  1969. The a cu te  t o x i c i t y  o f  some
heavy m e ta l s  t o  d i f f e r e n t  s p e c i e s  o f  a q u a t i c  i n s e c t s .  J o u r n a l
Water  P o l l u t i o n  C on tro l  F e d e r a t io n  41 :280-284.
W e i s e l , G. F. and R. L. Newell .  1970. Q u a l i t y  and s e a s o n a l
f l u c t u a t i o n  o f  h e ad w a te r  s t re am s  in  w e s te rn  Montana. Montana 
F o r e s t  and C o n se rv a t io n  Experiment S t a t i o n ,  School o f  F o r e s t r y ,
U n i v e r s i t y  o f  Montana. M issou la .  B u l l .  38 :1 -16 .
W e is e l ,  G. F. 1972. Water q u a l i t y  s t u d i e s  on t h e  Big B lack foo t  and
C lark  Fork R ivers  in  w e s te rn  Montana. In  Environm enta l  P o l l u t i o n  
i n  Montana. R. B i g a r t , ed .  Mountain P re s s  P u b l . Co. M issou la ,  
pp.  143-151.
Welch, P .S .  1952. Limnology. McGraw-Hill.  New York. 538 pp.
W rig h t ,  J .  C. and R. A. S o l t e r o .  1973. Limnology o f  Y e l lo w ta i l  
R e s e r v o i r  and t h e  Bighorn R iv e r .  Water  P o l l u t i o n  C on tro l  
Research  S e r i e s .  Environm enta l  P r o t e c t i o n  Agency. Washington,
D.C. 105 pp.
APPENDIX
63
SEDIMENT ANALYSES
64
Depth from 
top  o f  co re  
- (cm)
5
15
25
35
45
See F ig u re  3 f o r  l o c a t i o n  o f  co re s  
Core #1
Zn
399
334
344
357
377
Cu
(pg/g)
19.7
15.2
16.2 
13.2 
16.0
Mn
(p g /g )
273
225
278
246
225
Fe
iP g /& l
23,710
21,277
25,005
23,130
22,653
Core #2
Depth from 
to p  o f  core  
(cm)
5
10
15
20
25
30
35
40
45
50
Zn
(pg /g )
1 .924
2.924 
4 ,099  
4 ,932 
3,257 
2,265 
1,460
948
1,681
1,560
Cu
(Hg / g)
1,758
2,138
3,362
3,477
3,184
2,231
1,382
1,073
2,165
2,057
Mn
(wg/g)
609
610 
580 
593 
599 
549 
537 
534 
649 
572
Fe
(p g /g )
24,001
27,129
30,664
31,454
31,322
31,255
30,640
30,848
33,864
30,583
Core #3
Depth from 
top o f  co re  
(cm)
5
10
15
20
25
30
Zn
(p g /g )
65
24
13
21
0
163
Cu
(pg /g )
0
38.9
0
0
0
27.2
Mn
(pg /g )
405
384
403
464
396
300
Fe
.(j£g/g)
20,576
19,527
18,771
19,297
17,053
14,679
SEDIMENT ANALYSES (co n t in u e d )
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Core #4 
(av e rag e  o f  two v a lu e s )
Depth from 
to p  o f  co re  
(cm)
5
15
25
35
45
55
65
75
85
95
Zn
Cv^g/g)
610 
993 
1,559 
949 
391 
304 
369 
545 
959 
712
Cu
(yg/g)
223 
524 
755 
465 
55 
50 
113 
2 30 
439 
299
Mn
(yg /g )
945
1,639
2,598
1,354
521
370
446
892
1,510
912
Fe
( y g /g )
16,608 
22,075 
26,993 
20 ,383 
12,719 
10,635 
11 ,125 
16,529 
22,317 
19,162
Core #5
Depth from 
top  o f  core  
(cm)
5
10
15
20
25
30
35
40
45
Zn
608
527
463
469
725
1,131
1,332
1,820
1,193
Cu
( y g / g )
229
182
150
148
825
635
689
855
574
Mn
( y g /g )
720 
718 
589 
602 
674 
1,462 
1,512 
2,890 
1 ,411
Fe
( yg / g)
2 0 , 1 1 2
18,176
18,074
15,352
20,562
26,617
29,710
33,450
25,871
SEDIMENT ANALYSES (c o n tin u ed )
Core #6
6 6
Depth from 
to p  o f  c o re  
(cm)
5
10
15
20
25
30
35
40
45
50
55
60
Zn
617
899
874
1,710
1,384
936
799
676
1,699
1,230
1,215
1,367
Cu
(pg/g)
121
220
362
565
389
225
129
93 ,6
494
331
362
454
Mn
Cwg/g)
472
965
1,023
1,826
1 , 2 0 0
841
726
587
1,547
1,334
1,536
1,696
Fe
Cwg/g)
15,536
21,154
22,986
31,870
29,892
22,736
20,402
17,646
26,255
23,107
26,722
25,511
Core #7
Depth from 
to p  o f  core  
(cm)
10
20
30
40
45
Zn
(wg/s)
7,907
6 ,696
6 ,186
2,958
829
Cu
(lig/g)
7,927
6,019
5,827
3,520
1,341
Mn
( y g /g )
1,402
1,249
1,143
831
475
Fe
( y g / g )
43,278
41,036
41,292
42,335
29,627
